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FOREWORD

This report was prepared in the Cobb Chemical Laboratory, University of
Virginia, under USAF Contract AF 33(616)-3234. This contract was initiated
under Project No. 7331, "Hydraulic Fluids", Task No. 73313, "Hydraulic Fluids".
It was administered under the direction of the Materials Laboratory, Directorate
of Laboratories, Wright Air Development Center, with Mr. George Baum acting

~ as Project Director.

This report covers work conducted from October 1956 to October 1957.
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ABSTRACT

This is a continuation of a laboratory program on the evaluation of the
oxidation patterns of synthetic fluids in the presence and absence of inhibitors
and metals in the temperature range 400°-700°F. Two methyl chlorophenyl
silicones, F-50 and F-60 were examined at 500°F and 600°F. N,N’-di-2-nsphthyl-
p-phenylenediamine in 0.1 -~ 0,.2% was the most interesting additive. Work
with a mineral oil, MLO 57-30, did not reveal additives of outstanding activity.
Substeances containing sulfur and selenium showed promise, but some attack on
silver and copper. The experiences with four tetra-substituted silanes showed
that these substances did not have outstanding response to additives. A
series of runs with a pentaerythritol ester, MLO 55-584, indicate that ring
substituted'argl amines have considerable antioxidant activity over the
range 400°~500°F. Some sdditional data for bis—(2—ethy1hexyl§ sebacate are
included to compare the promising amines with the phenothiazine type. The
former retain the inhibition of activity over a wider temperature range.

Some attention was given to determining the nature of the components in an
oxidized diester which contributes to the acidity. It appears that some
improvement may be achieved in a partial oxidized fluid by washing with
hydrocarbon solvents. The limitations of a laboratory test procedure are
discussed, especially with respect to the evaluation of the effects of the
test metals, aluminum, silver, copper, titanium and several steels.

PUBLICATION REVIEW

This repoft has been reviewed and is approved.

R 7 S"c.-./iw#j;

R.T. SCHWARTZ
Chief, Organic Materials Branch
Materials Laboratory

FOR THE COMMANDER:

'WADC TR 53-293 Pt VIII iii




TABLE OF CONTENTS

HIGH TEMPERATURE ANTIOXIDANTS FOR SYNTHETIC BASE FLUIDS .

A
B.
c.
D.
E.
F.
G.
H.
I.
J.

K.

BIBLIOGRAPHY o o o o o o o o o o o o
APPENDIX I Tables of Oxlidation Data,

‘Introduction.....Q.............;.

Oxidations in Mineral 011, MLO 57=30s « o o o o o o o

Oxidations in a Methyl Chlorophenyl Silicone, F~60. .

Oxidations in a Methyl Chlorophenyl Silicone, F-50 Type

Oxidations
Oxidations
Oxidations
Oxidations

in a Methyl Chlorophenyl Silicone, 81406 (MLO 53-446).

In the 811ane8e ¢« ¢ ¢ ¢« ¢ ¢ o ¢ o ¢ ¢ 6 o o6 ¢ o &

in a Methyl Phenyl Silicone, MLO 9840 « « o o o o o

in a Pentaerythritol Ester, Hercules J-19 (MLO 55-584)

Oxidations in Bis~(2-ethylhexyl) Sebacate « « « o o o o o

Acidity Effects in Oxidized Bis-(2-ethylhexyl) Sebacate .

Procedure for Determination of Insoluble Matter. « « « «

1.
2,
3.
be
e

0il Insolublee o o ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o
Isooctane Wash « o« ¢ o« o ¢ ¢ ¢ ¢ 6 0 ¢ ¢ o o

Acetone Washe ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 ¢ 0 o o o

Isooctane Precipitate. .

Neutralization Numberse « o« ¢ « ¢ ¢ o 2 ¢ o o

® & ¢ o © & ¢ o o o o

*¢ O @ s o

® & o o o

.

® & & 6 & & & o6 ¢ s o & o o

APPENDIX II Code Numbers, Nemes, Index To Page Mumbers and Sources of
SupplyOfAdditivesmdFluidSQ I R A A N I

WADC TR 53-293 Pt VIII v

Page

JRY- TRV BEER B T

10
10
11
12
12
12
13
13

13
13

16



Table

O’ 3 0N MWD

e L = ™ R
" K & kB &

16

LIST OF TABLES

Oxidations 4n Mineral Oil, MLO 57-30 ¢ « o o o o «
Oxidations in Fluid, F-60, First Batch ¢« ¢ « o « &
Oxidations in Fluid, F-60, Second Batch « « o+ o o
Behaviér of Insolubles in Oxidized F-60 Blend . .
Oxidations in Fluid, F=50 « o o o ¢ o o0 o o s o

- Behavior of Insolubles in Oxidized F~50 Blend « + o o &

Oxidations in G.E. Siliconme Fluid No. 81406 (MLO 53-446)

Oxidations in Didodecyl Dioctyl Silane, MLO 57-161. . .
Oxidations in Di-p-dodecyl Di-n-Octyl Silane, MLO 56-611

Oxidations in p-Octadecyl-tri-n-Octyl Silane, MLO 56578

" Oxidations in Diphenyl Di-n-dodecyl Silane, MLO 56-280 .

OXidations in Silico!ie,,MLO 9840, XF 258 e o 8 o o 0 o o

Oxidations in a Pentaerythritol Ester, MLO 55-584. o « o

Oxidations in Bis-(2-ethylhexyl) Sebacate. « « o oo o

Acid Behavior in an Oxidation of Bis-(2-ethylhexyl) Sebacate
atmLOC(IQOOF)oo.ooo-oooooooooooooo

Behavior of Insolubles in Oxidized Bis-(z-ethylhexyl) Sebacate

WADC TR 53-293 Pt VIII1 v

54
55




HIGH TEMPERATURE ANTIOXIDANTS FOR SYNTHETIC BASE FLUIDS.

A. JIntroduction,

The work in this report is a continuation and expansion of the
work initiated originally under Contract AF 33(038)-22947 in the
Department of Chemistry, University of Virginia. Under this contract
a survey was made and a technical report was prepared on the pertinent
literature. An experimental procedure was devised for comparing
the oxidative behavior of blends of fluids containing about 300
selected additives in the presence and absence of metals. Particular
attention was given to elucidating the antioxidant behavior in the
temperature range 204°-260°C (400°-500°F) of phenothiazine, its
derivatives and typical compounds representing both organic and
inorganic substances. The oxidation medium included the following
types of synthetic fluids: esters, silicates, silicones and
phosphates. The pertinent WADC technical reports and publications
are listed in the bibliography.

The work reported in Part VII of this series and continued
herein was under Contract No. AF 33(616)-3234. It is a continuation
of the program under the former contract and was initiated 1 October
1955 to determine the oxidation pattern of additional selected
additives in various new synthetic fluids, and to extend the
oxidations in the promising systems to higher temperatures. In
Part VII some exploratory oxidation runs with silicones and silanes
were reported at temperatures as high as 370°C (700°F). Several
additive systems were shown to have promise at the higher temperatures.
In Part VIII more attention was given to intermediate temperastures
with the view of obtaining information which might be used for
recommending blends for engine tests. ‘

The oxidation procedure was essentially the same as previously
described in detail, The fluid in a Pyrex brand test cell with glass
fittings was heated in an aluminum block, thermostatted furnace while
dry air or a gas mixture of 95 % nitrogen and 5 % oxygen was passed
through the fluid in a tube inside the overhead condenser and extending
to the bottom of the test cell. In most runs, the test metals con-
sisted of aluminum, copper, silver, titanium and one of several steels.
The metals were polished washers mounted on the air tube with 3/8 inch
glass spacers. For all of the cases reported herein, the volume of
fluld was 25 milliliters and the gas flow was one liter per hour. In
many of the earlier evaluations, a larger test cell holding 100 milli-
liters of fluid with a gas flow of five liters per hour was employed.
The results were not strietly comparable; but, when examined in light
of the behavior of a controlled blend, it is possible to correlate the
Jbehavior of the various additive systenms.

"Manuscript relezsed by author 24 October 1957 for publication as a
WADC Technical Report",
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- The original problem was to change the properties of a fluid
by additives so that after a known period of oxidation at a given
temperature the viscosity change, the acid accumulation, and the
effects of the test metals would meet described specificaticns.

The blend selected as a basis for comparison of other systems was

1% phenothiazine in bis-(2-ethylhexyl) sebacate (Plexol 201). While
oxidation runs without additives have some value as blanks, there are
encugh sources of error in the procedure to cause considerable variation
in the behavior of the uninhibited fluid. The accumulation of acids
in a blank fluid was such that the neutralization number appears to
approach a maximum. The air delivery tubes are subject to clogging
as solid matter is formed and the viscosity increases. Even with a
blend as the blank the experimental procedure still left much to be
desired when small differences in behavior of the additive are to be
interpreted in terms of recommendation for engine uses. The writer
has very little knowledge of how the laboratory tests correlate with
the next step in the development of a fluld, but it appears that
additional attention is needed for better ways of evaluating additive
systems in the laboratory if the purpose is to select the optimum
blend on the bagis of small differences.

In some other studies, designed to elucidate the mechanism of
antioxidant action, it appeared that those additives, which were most '
active in inhibiting or retarding oxidation, gave rise to products
which become insoluble in the fluid ahead of the loss of effectiveness
or the end of the induction period. It also eppeared that by treatment
with solvents some of the oxidized products could be removed and the
acidity of the fluid lowered.

The problem of evaluating the effects of metals is very
difficult, An attempt was made to express the quantitative effect
of metals in the form of change in weight of the test metals during
‘an oxidation run. It should be emphasized in reporting the metal
weight change in mg/em2 that the effects are magnified. This arises
because the weight differences in the test specimens were determined
on an analytical balance to about one-tenth milligram and then ,
multiplied by a factor. Considerable inconsistences in the results
arose from the method of handling the test metals after an oxidation
run., First, the metal was washed with benzene and acetone. If this
did not-remoyve the film from the oxidized metal, the surface was
rubbed somewhat stronger with tissue, and then with fine glass wool,
with the view of removing only the surface film., However, it was
observed that different operators apply varyling pressure to the metal
surface when trying to remove a film of oxidized fluid or additive.
With silver and copper these effects are practicularly troublesome and
at times some of the metal seemed to be removed with the tissue. In '
the interpretations the data showed that silver was not generally
appreciably attacked by the amine-type additive, and the copper was
only slightly attacked when the weight loss was reported in the
neighborhood of 0.5 mg/cm2. The main conclusion from the presence of
metals, when the changes are of small order, was that some metals have
catalytic action at least for a portion of the oxidation. However,
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. account must be taken of the cases where metals, especlally copper,
appear to enhance the antioxidant activity of some additives,
particularly aryl amines.

The quantities of additives employed were usuvally melar
equivalent weights based on the formula of phanothiazine as the
standard. For example, 0.25 grams of phenothiazine in 25 ml was
approximately one per cent by weight, and 0.27 grams was the same
- number of moles of 10-methylphenothiazine. In all reports the
relative effects of antioxidants, inhibitors and oxidation retardants,
it is strongly recommended that molar equivalent quantities be
used as a basis for comparison. In preparing a mixture for an
oxidation run, the ability of the fluid to form a homogeneous system
with the additive was noted. Since the molar equivalent quantities
of substances were being compared, the run was performed even though
all of the additive did not dissolve at room temperature or on heating
on the water bath, In practically all cases with effective additives
these systems became homogeneous at the oxidation-test temperature.

In comparing the behavior of additives when the view is to
select the best system, all of the data must be considered to show
subtle differences. A scheme was devised for the comparison of
additives in which an index number represents the summation of various
property changes. While convenient in some instances the method has
limitations. The behavior of wolatile acid products sometimss
appeared to lower the value of the index number and to give the
impression of a better system than was the case. In order to show all
effects of oxidation of a blend all of the significant data for each
of the fluld systems examined during the past year are tabulated
under each fluld. An effort is made to point out the more promising
systems in the discussion sections that follow. This involves some
subjective analysis as well as the intuition of the writer in some

instances.

A page index to the runs for the various additives for Parts
VII and VIII of the technical report series is given in Appendix I.
Also included are the sources of the additives and flulds. At this
point, some explanation on the purity of additives is needed. For
those substances obtained through commeréial sources, where the
purity was not equivalent to Eastman Kodak White Label, the
substances were further purified by appropriate crystallization,
sublimation or distillation. For materials obtained through WADC
channels the substances were used as received. The effect of the
purity of additives is interesting. For the phenothiazine type it
appeared to make little difference whether a highly purified sample
was used. For some of the amines, the higher the purity the better
the effectiveness. This aspect is being continued as a problem
under another type of -support.

In the following section these fluids were new during the
current contract year and experiences with them are reported for the
first time: A naphthlenic mineral oil, MLO 57-30, two methyl chloro-
phenyl silicones, F-60 and F-50, didodecyl dioctyl silane, MLO 57-161,
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and p-octadecyl-tri-p-octyl silane, MLO 56-578.

Some experiences with the other fluids have been previously
reported, but the tabulated data represents new work with the system,
either for purposes of establishing blanks or for comparing additives
under new conditions.

B. Oxidations in Minersl 0il, MLO 57-30.

This is the first account of experlences with a mineral oil.
This fluid was suggested for evaluations by the Materials Laboratory,
Wright Air Development Center. Presumably it is of naphthenic base
and is designed for use at temperatures in the neighborhood of 500°F.
It exhibited considerable inherent stablility at this temperature.
While no additive was dramatic in action several retarded the increase
in viscosity. Those of some promise include: diphenyl sulfide,
phenothiozine, diphenyl selenide, 2,2’-dibiphenyl diselenide, p’,p’-
dioctyldiphenylamine (recrystallized) and 2-phenylbenzoselenazole.
The selenium compounds showed slightly more oxidation retarding -
properties, but also attacked silver and copper more vigorously. In
Table 1 the additives are listed in approximate decreasing order of

effectivaness.

The main property change for evaluation purpose is that of
per cent kinematic viscosity change. Values for this have been
determined at three temperatures, 130°, 212° and 383°F, Table 1.

The viscosity increased linearly with oxidation time, both
in the sbsence and presence of additives and the test metal washers.
The changes in acidity were not of sufficient magnitude to be of
value in the screening of additives. The "svaporation losses"
expressed as per cent weight loss are erratic and do not reflect,
except qualitatively, the effect of an additive in inhibiting or
retarding the oxidation rate. The erratic behavior in part arises
from bumping in the oxidation cells and splashing of liquid on the
adapter and condenser walls. The intensity of bumping increases with
time and appears to be associated with a more volatile product,
produced either by oxidation or pyrolysis. It might be presumed
to be water to a considerable extent. No attempt was made to analyse
the mixture to be sure of this assumption.

The isooctane insolubles were determined in two ways. First,
the oxidized mixture was filtered and the residue washed with isooctane.
This residue is termed "isooctane wash", W', Table 1. The amount
was usually small. The second value, PV in Table 1, is the per cent
insoluble matter precipitated by addition of isococtane to the filtered
0ill., These values are somewhat erratic and do not help much in
evaluating the effectiveness of an additive. The detailed procedure
for separating and analysing the solid fractions 1is included later
in the section on bis-(2-ethylhexyl) sebacate.

The effect of this mineral oil under oxidation with metals is
not clearly shown because of the inherent difficulties in interpreting
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the behavior of metals. In Table 1, two values are given for the weight
losses in the test metal washers. Both are in milligrams per square
centimeter. The first values are for the losses observed after cleaning
the metal with benzenme and acetone and soft tissue. The second values
are the additional weight loasses arising from more vigorous cleaning
with fine glass wool and the solvents.

The oxidized fluid itself did not attack the metals severely, so
the changes observed reflect the effect of the additives on the teat
metals. The sulfur containing additives, showing promising oxidation-
retarding capacity with surprising low attack on silver and copper,
were phenothiozine and diphenyl sulfide. For the selenium compounds
2-phenylbenzoselenazole scarcely attacked the metals, but it was less
active in retarding oxidation than diphenyl selenide. The amines showing
oxidation retarding activity gemerally did not strongly attack the metals.
The most promising of the amines is recrystallized p,p’-dioctyl diphenyl-
amine, followed by phenyl-alphga-naphthylamine and dipyridylamine.

The results with the spectrum of additives in this mineral oil
indicate that several types may have promise as antioxidants and
oxidation retarders. Some modification of the basic structures by
substituents may be indicated to reduce volatility and increase the
solubility. There is also some indication that mixtures of additives
at the same total equivalent doncentration will allow the use of lower
amounts and promote more homogeneity in the system throughout its
period of use.

C. O tio i Meth hlorophenyl Silico 0

This. is the first report of e gperiences with this fluid. Oxidations

were performed on two batches at 500° and 600°F. The first batch of 1
gallon in a metal container arrived 9 September 1956 from Material
Laboratory, Wright Air Development Center. The results are noted in
Table 2. The second batch of 1 quart in a glass bottle arrived 3 March
1957 and was labelled Dow-Corning F-60 Stock No. 7500-DL. The data for
this batch are in Table 3.

The results with the two batches are essentially in agreement in
the patterns of behavior toward additives and metals. The oxidatiens at
500°F were performed on 25 ml samples with dry air at 1 liter per hour.
Most of the runs at 600°F were performed under the same conditions
with a dry gas mixture consisting of 95% nitrogen and 5% oxygen.

The most attractive oxidation inhibitor and retarder was N,N’-
di-2-naphthyl-p-phenylenediamine. A concentration of 0.2% prevented
a significant increase in the kinematic viscosity for at least 48
hours at 500°F and 12 hours at 600°F. The cheanges in neutralization
numbers were small and this measurement is not of great value in
screening and comparing additives.

This fluid under oxidation attacked copper slightly more than
the other test metals, but the metals appeared to have very little
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effect in catalyzing the oxidations. The formation of insolubles was not
dramatic. The slight effects are more clearly shown with the second
batch; Table 3. ‘

This additive is not as readily soluble as would be desired, but
lower concentrations might be employed in practice if the available
oxygen concentration is low. Some attention was given to the effect of
additional purification of the commercial sample of N,N’-di-2-naphthyl-
p-phenylenediamine. This substance was obtained as P5691, yellow label,
Eastman Organic Chemicals. It was of grey-green color. A portion was
placed in boiling ethanol and the mixture filtered. Only a amall amount
of N,N’-p-di-2-phenylenediamine dissolved in the alcohol, but this
washing process helped to remove some impurities. A portion of the
alcohol washed solid was dissolved in boiling acetone followed by
filtration. Small granules of a almost white color precipitated on
- cooling. These were washed with cold ethanol and recrystallized from
acetone. On drying by pulling air through the filter, the granules
acquired a slight greentgh tint. The results with the purified materials
are reported in Table 2 and are designated by Footnote a/. The purification
did not cause any significant change in the oxidation inhibiting behavior.
Additives of ring substituted phenylenediamine types are also attractive,
and may have better solubility characteristics. The results in Table 2
indicate that quinoid structure apparently possesses the oxidation
inhibiting activity and that aryl substituents on the nitrdgen are

preferred.

In one instance vanadyl-2-ethyl hexocate was mixed with N,N’-di-2
naphthyl-p-phenylenediamine but the combination showed no speclal
advantages. The former has some oxidation inhibiting qualities but the
effects were not dramatic. Other additives exhibiting some promise
‘as oxidation inhibitors at 500° and 600°F were diphenylguanidine, di-2-
nephthylamine, actidine and 2,2’-dipyridylamine.

In some runs with mixtures of N,N’-di-2-naphthyl-p-phenylenediamine
and acridine there appears to be some enhancement of the oxidation inhibit-
ing property as well as an apparent decrease in an attack on copper. The
limited supply of this fluid prevented further exploration of the effect
of mixtures, particularly derivatives of morpholine. However, it is
probably reasonable to assume that the same consideration will hold with |
this type as shown with the F-50 fluid, Table 5. Attention should be
- called to Run 329.10 in which 2-phenylbenzoselenazole and pg-aminoethyl-
morpholine were used. It appears that the morpholine may have some
inhibiting effect on the selenium compound.

To show more clearly, the behavior of insolubles in the methyl
chlorophenyl silicone fluids, the data are tabulated separately;
Tables 4 and 6. A part of the section on bis-(2-ethylhexyl) sebacate
‘describes in detail the experimental procedure used for getting values
for four types of insolubles. In brief, at 500°F, the oxidized fluid
was filtered through a weighed porcelain crucible with asbestos mat.
As much as possible of the liquid was drawn through the filter with
suction. Then the crucible was weighed and the change in weight ‘expressed
as per cent oil insoluble. Next, the residue was washed with isooctane,
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sucked dry and weighed. It appears with the methyl chlorophenyl silicone
fluids that there was very little oil insoluble matter produced because,
“upon evaporation of the isococtane wash, the residue was mainly the
starting fluid. Washing the filter mat with acetone generally did not
show any significant change. Finally, the oil filtrate was treated with
two 50 ml portions of isooctane and the precipitate separated by the
centrifuge. The quantities precipitated could be a measure of some of
the more polar substituents formed on oxidation. With N,N?-di-2-naphthyl-
p-phenylenediamine the quantity of precipitate seemed to be roughly ‘

a function of the concentration of additive and the temperature. When
the concentrations were in the neighborhood of 0.1%, the isooctane
precipitate was usually small. When the expression "not filterable"

was used in the tables the implication is that filtration was very slow
and a useful guantity of filtrate could not be obtained in a reasonable
time. At 600 F the insoluble effects are auch more apparent. Here,
comparison of & blank oxidation, Run 409.5, with a sample of fluid
containing N,N’-di-2-naphthyl-p-phenylenediamine, Run 409.6, suggests
that the additive may have some effect in reducing the insoluble matter.

- A comparison of the results on the F-60 fluid with the data on
the F-50 fluid indicates that the F-60 fluid possesses a greater
inherent stability. The general appearance of the infra-red spectra
on both oxidized and unoxidized samples of both flulds are essentlally
the same. Thls suggests that the difference may be due to a higher
phenyl content in F-60. In future work with this type of fluid it is
suggested that more attention be directed toward learning more about
the oxidation and thermal degradation processes. It is not possible
on the basis of data herein to separate the two processes clearily.
In future work with additives at higher temperatures it is suggested
that more attention be given to evaluating other aryl amlines and
phenylenediamines, both from the point of achieving better antioxidants
and greater thermal stsbility of the additives.

D. o) eth orophenyl 0 =20 .

This is the first report of experiences with a fluid labelled
F-50. However, considerable experiences have been reported previously
(Part VII) with the closely resembling fluid, MLO 53-446. About a
one gallon sample of F-50 was received in a metal container through
WADC channels on 18 March 1957. It was labelled Lot No. 124,
Versilube F-50, Silicone Fluid from Silicone Products Department,
General Electric Company. Tables 5 and 6 contain the detailed
experimental data for this fluid. The quantities of additives listed
in the table are expressed in grams per 25 ml of fluid. Multiplication
of the gram weight by 4 gives an approximate value of the per cent of
the additive. ’ ‘ v

N,N’-di-2-naphthyl-p-phenylenediamine appears to be the most
generally available and useful additive for this fluid. However, the
same solubility considerations hold as described for the F-60 fluid.
Some related types of phenylenediamines, acridine, diphenylguanidine,

- 2,2’-dipyridylamine, p-aminodiphenyleneamine, and 2,4=bis-(phenyl
mercapto) toluene, also showed inhibiting properties. Of some academic
interest was Morgan’s Base, which is a dibenzo acridine. This substance
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13 less volatile than acridine and appears to have considerable inhibiting
activity.

Table 5 shows the effect of time of oxidation and concentration
of N,N’-di-2-naphthyl-p-phenylenediamine at 500°F. There appears to be
an induction period up to 48 hours. The concentration of additive is
not eritical in the range 0.1-0.2%. At 600°F this additive also has
some effectiveness, but as with F-60, it is difficult to distinguish
between thermal and oxidative effects. Mixtures of additives with N,
N?-di-2-naphthyl-p-phenylenediamine may have lowered the attack on the
metals, but they did not promote any outstanding or novel oxidation
inhibiting properties. It is premature to eliminate mixtures from
further consideration because better techniques are needed to determine
the corrosion effects, particularly on silver and copper. In no
ingtance, at 500°F, was the attack on the test metals of large order,
except in the case of 2,4-bis-(phenyl mercapto) toluene. At 600°F there
seems to be an increased effect of corrosion on stainless steel in all

gystems.

In several determinations of the kinematic viscosity change, two
values were reported for 54.5° and 100°C. In determining the kinematic
viscosity at these temperatures it has been customary to use a viscometer
of the 300 series in order to have a reasonable time flow. In all
determinations at 195°C a smaller bore viscometer of the 200 series was
used. In those cases where there was considerable ogidation of this
silicone fluid, the per cent viscosity change at 195 C was higher than
might have been expected. In Table 5, for those cases where the kinematic
viscosity were determined in a 200 series viscometer at the three
temperatures, the values at 54.5° and 100°C are shown in parenthesis.

It is suggested that some type of surface effect is responsible for the
anomalies shown. The conclusion on oxidation inhibitors, however, are

not seriously affected by this finding.

The overall behavior of the F-50 fluid appears to indicate this
fluid has less stability than F-60. The difference is assumed to arise
from amall amounts of unknown impurities. Some attention has been given
to chromatographic separation of both the oxidized and unoxidized fluids
followed by obtaining the infra-red spectra of fractions with a Perkin-
Elmer, Model 21B, Infra-red Recording Spectrophotometer. The range of
this instrument is from 2-15 microns (5000 em™! to 650 cm™! wave numbers).
The chromatographic apparatus constructed is a modification of that
described in WADC TR 54-46, Pt III, ASTIA Document No. AD 118215.
Comparison of the spectra with that reported for known silicone compounds
showed some expected bands. However, assignment of compositions to
the chromatographically separated fractions is speculative. It should
be mentioned that from unoxidized F-50 a small amount of solid was
isolated after elution {rom alumina with an ethanol-water mixture. It
does not seem to have a chloro group in it and loses considerable weight
on strong heating to leave a white residue. The infra-red spectrum is
- not readily fit to known substances. Additional study is needed on this

aspect,
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The oxidative behavior of this fluid was studied in considerable
detail during the previous contract and last year. Parts VI and VII
of this series of technical reports contain the detalls of many
oxidation runs, both alone and in the presence of additives and metals.
This fluid appears to be very similar to the F-50 fluid and the general
considerations discussed in the preceding section will apply. During
the current year runs were performed with N,N?-di-2-naphthyl-p-phenylene-
diamine, which had been shown to be of promise, to determine the minimum
equivalent quantity needed to produce maximum oxidation inhibiting
effect with low attack on the test metals. The quantities of additives
listed in the tables are expressed in terms of grams per 25 ml of fluid.
The multiplication of the gram quantity by four gives an approximate value
of the percentage of the additive. See Table 7.

At 500°F in the presence of aluminum, silver, copper, stainless
steel and titantium, quantities of N,N’-di-2-naphthyl-p-phenylenediamine
as low as 0,20% held the viscosity change within 30% for 48 hours in the
presence of 95% N, and 5% 0,. With air under the same conditions the
viscosity change was about 50% in 24 hours. With a concentration of
about 1,0% N,N’-di-2-naphthyl-p-phenylenediamine the viscosity change
was held within 10% for 48 hours in the presence of air. The response
to concentration is not necessarily linear and there appears to be an
optimum quantity for most efficient use. For possible operating
conditions it is suggested that about 0.2% be tried.

A few other additives vere examined at 500°F, but only N,N’-di-
(2-methyl~3-chlorophenyl )-p-phenylenediamine appeared as good as N,N’-
di-2-naphthyl-p-phenylenediamine. However, it was noted with this
fluid that p-aminodiphenylamine has an interesting functional system
and gave indication of considerable activity at low concentrations
with very little effect on the test metals. Work with this silicone,
MLO 53-446, was discontinued in favor of the more thermally stable
F-60 type. _

F. t t <]

Four tetra substituted silanes were examined during the current
year. These were: didodecyl-dioctyl silane, MLO 57-161 and MLO 56-611;
n-octadecyl-~tri-p-octyl silane, MLO 56~578; and diphenyl-di-p-dodecyl
silane, MLO 56-280., In the previous year some exploratory runs were
made with the tetrakis-g~dodecyl silane, MLO 54-408D. The results were
reported in Part VII of this report series. The new data are included
in Tables 8, 9, 10 and 1l.

The general pattern of oxidation of the silanes indicate con-
siderable inherent resistance to oxidation in these types of fluids
under the conditions of the svaluation. No additive showed outstanding
antioxidant or oxidation retarding effects. The blank runs without -
additives were somewhat erratic. This presumably is due in part to
excess bumping of this type of fluid during the oxidation run. ‘The
additives while not changing the general pattern significantly, did
promote more sonsistency in the behavior. Selenium containing
additives seem to be the most effective. However, the behavior could
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not be related to concentration. Some heterocyclic amines alme showed
some inhibiting action. It appears that too large a quantity of '
additive might catalyze effects due to oxidation or thermal degradation.

0f several selenium additives examined 2-phenylbenzoselenazole appeared
to be the most versatile. This substance retards oxidation and attacked

copper and silver least of the selenium compounds examined.

It is difficult to rate the silanes in order of stability. Imen
approximation the di-p-dodecyl-di-n-octyl silane, MLO 56~611, appears
to be the best.

For future work with the silanes it 1s suggested that a larger
variety of additives be screened, especially those which showed
activity at high temperatures in mineral oils.

G. Oxidations in a Methyl Phenyl Silicone, MLO 9840,

During the previous year the behavior of this fluid was investigated
in considersble detail. The results are reported in Part VII of this
series of technical reports. Table 12 contains four runs using acridine
to skow the effects of purification of the commercial sample. The
fraction crystallized from ethanol sppeared to have considerable more
inhibiting action than the solid fraction contained upon evaporation of
the solvent. :

H.

‘ A series of oxidation runs were performed with this fluid at
400° and 500°F, in the presence and absence of metals and with selected
additives, to determine which of several additives appear to be the
best for futime evaluations under more practical conditions. The
results are in Teble 13, The standard for comparlson is the phenothiazine
type. At 4LO0CF this type was very effective, but it had little action
at 500°F. One of its main drawbacks is the formation of oil insoluble
matter as an end product. No convenient way has been found to eliminate

this "dirtiness" factor.

The general pattern of behavior of this ester is the same as that
of bis-(2-ethylhexyl) sebacate, which has been studied in much detail.
During the current year new attention was given to several aryl-amine-
type additives. Diphenylamine showed some effectiveness at 400°F with
only a small amount of "dirtiness", However, at 500°F it showed no
activity. This is in part due to volatility because di-~2-naphthylamine
did retain its activity at 500°F. The behavior of 2,2’-dipyridylamine
continues to be interesting in the presence of copper. Under these
conditions this amine showed promising antioxidant activity at both
400° and 500°F. A thesis problem with this substance gives some
indication that & copper-coordination compound is related to the
antioxidant activity. With an amino group in the para position, as in
r=-aminodiphenylamine, the temperature range of the oxidation inhibiting
effect was increased and at 500°F this additive showed considerable
promise, It did, however, form some o0il insoluble matter, but to a
somewhat lower extent than phenothiszine. Presumably, the p-amino system
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is acting in the same manner as the phenylenediamines, because in an
amino diphenyl (CCL No. 367) the activity is not retained at the higher

temperature. ‘

A number of commercial preparations of the "Age-Rite" type were
examined. Several showed some effectiveness in retarding increases in
kinematic viscosity at 500°F. Perhaps the most attractive was "Age-Rite H.P."

Several mixtures of additives were explored but none showed out~
standing properties. For future work with the pentaerythritol ester type
fluid it 1s suggested that more attention be given to pyridyl amines and
to amines of low volatility, such as substituted aryl amines.

I. tio -t t

This fluid has been the standard of comparison for other fluids
since the beginning of this program. Whenever new additives were
acquired they were screened in this fluid first as a basis for comparison.
A system of 1% phenothiazine is considered the blank. The concentration
of additives used was the molar equivalent amounts to 0.25 gram of
phenothiazine in 25 milliliters of diester. During the current year
considerable attention was given to learning more about the behavior of
insolubles and the accumulation of acids in fractions obtained by
filtration and treatment with solvents. The results are in Tables 14,

15 and 16,

In the oxidation runs reported in Table 14, 1O-methylphenothieziue
is teken as a standard at 400°F. This substance has been shown to have
slightly better performance than the parent compound, phenothiazine. At
500”F the phemothiazine type showed very little antioxidant activity.
Dipgenylamine in larger equivalent quantities was slightly active at
500°F, apparently because enough remained in the fluid to retard the
oxidation. Ring substituted diphenylamines showed more activity at the
higher temperatures. The most attractive appeared to be p-aminodiphenyl-
amine. As previously reported, 2,2’-dipyridylamine continues to be
attractive in the presence of copper.

An interesting aspect of N,N’-diphenyl-p-phenylenediamine is that
recrystallization of the commercial sample from Eastman Kodek caused

- considerable .increase in the antioxidant activity of the purified

compound. Of several "Age-Rite" types examined, "Age-Rite H.P." .
appeared most promising. However, the differences among this series

were small.

Some of the morpholines were interesting in that they seemed to
have more activity at the higher temperatures. Two interesting new
substances were cadmium diamyl dithiocarbamate and 4,4’-bisthiopicolinamido
diphenyl. Both of these had some antioxidant activity but attacked
copper and silver. A very low concentration of 4,4’-bisthiopicolinamido
diphenyl in mixtures with phenothiazine and 2-phenylbenzoselenazole may
have some slight activity in preventing attack on metals.
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A series of oxidation rune was performed in an attempt to show
the behavior of acid accumulation in several fractions of the oxidized
fluid, Table 15. The experimental procedure is outlined at the end

of this section.

As expected the percentage of fluid insolubles increased as a
function of the phenothiazine concentration. In the lsooctane precipitate
the o1l itself seems to be the main contributor. However, the acid
material in the oil insoluble fraction appears to arise more from the
fluid rather than the additive. The removal of oil insoluble matter
lowers the acidity of: the oxidized fluid only slightly. Perhaps the
best indication of extent of oil insoluble formation is the residue
remaining after washing with isooctane. This treatment removes
occluded oil and does not seem to dissolve an appreciable amount of the
insolubles. The acidity of this solid residue comes mainly from the
oxidized fluid, with only a small contribution from phenothiazine.

The precipitation of solids upon addition of a large excess of
isooctane to the oxlidized fluid, followed by centrifuging and weighing,
has been previously reported as per cent isooctane insolubles. The
values for the per cent of isococtane precipitate in Table 16, while
not strictly comparable because these values are for the precipitate
formed after removal of the oil insoluble matter, nevertheless do
point to the relative contributions of the oxidized fluid and the
expended additive. It appears that both are factors, but that the
fluid makes the major contribution after a fraction of the expended
additive has been removed by filtrations. The acidity of the isocctane
precipitates arise to a considerable extent from the fluid and presumably
is sebacic acid and some unknown substances.

The acidities of the oll after removal of the excess isooctane
indicate that some improvement of the fluid results from the isooctane
wash. No attempt was made to determine the optimum condition for washing
an oxidized fluid. The indications are that this procedure may be of
value in reclaiming a diester fluid provided the oxidation has not

been excessive.

As a ‘thesls problem this investigator expects to continue to study
the behavior of a few additives in bis—%Z—ethylhexyl) sebacate to learn
more about their mechanism of behavior. Particular attention will be
given to studying those systems of metals and amines in which the metals
appeared to enhance the antioxidant activity. In some exploratory runs
this effect seems to be more general than originally expected. From time
to time the investigator will also examine other types of compounds

with interesting structures in order to fill-in gaps in the total picture
of antioxidant and oxidation retarders.

K. c t tion o ub tt

1. Qi%_lggglghlg; A thin filter mat of asbestos (long fiber, acid-
washed) is prepared on the bottom of a 25 ml Gooch crucible and dried to
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constant weight in an oven at 100°-110°¢, Apout 5 grams of a uniform
sample of the oil is added to the crucible and suction Jrom a water
pump applied. After pulling as much oil as possible through the filter,
the crucible and residue are weighed. The difference between the weight
of the empty crucible and the weight of crucible and residue is the -
veight of oil insoluble matter.

The amount of filtrate from this step is determined by catching
the fluid going through the mat in a 10 ml weighed test tube placed
under the filter tube insides’ of a 250 ml suction flask. The crucible
is held during filtration by a glass filter crucible holder with most
of the top cut off eso that only about 1 inch remains above the stem.
This shortened holder does not retain a significant quantity of fluid.
The difference between the weights of the test tube gives the amount
of filtrate., In calculating the per cent oil insoluble, the weight
of the fluld sample is the sum of the weight of filtrate plus the change
in weight of the crucible. ,

2. JIsooetape Wash, The residue in the crucible is washed with 50 ml

of isooctane with gentle suction. After all the isooctene has been removed
from the filter and residue, the crucible is again weighed. The per cent
not removed by the isooctane wash is found by dividing the weight of

the residue by the weight of the fluid sample,

3. MAcelone Wagh. The residue in the crucible is weighed after washing
with 50 ml of acetone twice with gentle suction.

4. Isooctene Precipitate. The oil from the first filtration is put into

a 50 ml centrifuge tube and 50 ml of isooctane added and thoroughly mixed.
After standing for about 24 hours, the tube is centrifuged for 15

minutes, or until the centrifugate is packed tightly emough to allow
supernatent liquid to be removed easily. Another 50 ml of isooctane is
added to centrifugate and stirred. After centrifuging again and removing
the supernatant liquid, the solid in the tube is heated until all isooctane
has evaporated in an oven at 90-100°C. This isooctane precipitate is

the difference in weight of the empty centrifuge tube and the weight of the -
tube plus solid. This is expressed as a per cent of the fluid sample,

The main error in the above procedure is in the value of oil
insolubles due to the uncertainty of pulling all of the oil through
the filter mat, The weighings are made to 10 mg for the filtrate, 0.1
ng for oil, isooctane and acetone residues, and to 1l. 0 mg for the
isooctane precipitate.

5. Neutralization Numbers. The determination of the neutralization
number of each of the residues and the fluids is of interest in the
possible reclaiming of partiaslly oxidized fluids. To show the behavior
of the acidity of the solvents the filter crucible is placed in a
beaker and treated with the usual mixtures of water, acetone and :
methanol, followed by titration with standard KOH as in a neutralization
number determination. The isooctane supernatant was evaporated back

to the oil and the acldity of a weighed portion of the oil determined,
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APPENDIX I. Tables of Oxlidation Data.

TABLE 1
‘Oxidations im Mineral 0il, MLO 57-30 25 a1 Saml A Plew 1 Ve
] .
Additive, CCL No,, Formula, Run Temp. | Time, |wWeight |Kinematlc Viscosity Change, %, | Neutrailzatlon | lso-octane
Concentration, Metals Praesent No. oc Hours losgs, 54.5°C 100°¢C 195°C Number Insoluble,
(°r) % (130°F) | (22°F) | (383°F) W' P!
Bone, No Mstals 418.1 (500:) 12 1.2 17,0 11.7 ol 1.3 0,032 0.50
Nens, Mo Motals 418,2 (g:) 2, L4 35.0 11,7 12,5 1.3 .058 0.50
Neno, Ne Metals 418,3 (-;agg:) 48 3.0 72,3 525 30.7 . 1.0 ,081 0.68
"“60‘% i o 8.8, 41844 (ﬁ:) 12 0.8 11.9 8.1 0.0 1.3 .048 0.59
0.0, 04 02 .02 .02 '
None, AL Ag Ou 8.8, 1 425.1 (ggg:) 2% 3 439 30,9 149 17 .010 0,63
04 LWL 12 W18
bore, 12 Alz o 8.8, T 48,5 (ggg:) % 14 a5 Pl 11.3 1.2 048 .68
W0 04 202 .04 .02
nm,o% ;‘é % szg. gé 418.6 (gz) 48 1.4 60.0  38.3 94 0.9 1% 6.9
206 .06 .10 .02 .04
Fore, 41 sg o ose T 2% (?gg:) B 67 8204 5643 36,0 1.0 QL 0,68
202 .04 220 .04 .02
xo’h;;m 31.::4.6‘1»5 :szgi, 426.3 (g:) % 4e5 %3 10.0 49 14 L000 1,18
g . e
" 0,021 1,78 1.10 .26
.18 .62 .106 0.% ‘24
282PCB °ﬁ5¢i¢ o 88 T 429,10 (ggg:) 2, 3.3 33,3 23.3 . 13.8 0.6 019 0.97
0018 .73‘.04 .é6. '036
.08 .18 .98 .18 .08
282PCB,0.30¢. 0
o‘ib“sz. guﬁsisi‘ T& 42,6 260 48 10.8 59.5 42,8 27.8 0.6 10 0.5%
‘:oei ) 06 .
CeHs ) 2Se
2,2-Dibipheyl diselenide, o
Yo, Bu)‘gozf:- Cu 8.8 - 428.9 (500.) 2% 2.7 18,7 12,2 6.4 1.6 .02'5 0.50
~0.36-2,06 5,6 JL, =222
e o9 19 40 410
3110 00125‘0 L]
&ﬁ lsg&gus ?’gi-e Tei,s 429.3 (?ggo) 2 2.8 2,0  16.8 8.6 1.0 WOL 1,01
002 o2 1.2 14 400
. < >—-<j—5‘e—5e-©—-©
Puasetitexioe, o. 54, 0,296 471.3 (ggg: , # 2.2 13.3 8.3 2.3 030 241
-0.8-.?4 oOIr‘cu -e 22 :
008 012 .JA o% 006
0
QL0
thl:lulﬂ::, ”c& 13:'30'232' 421.7 (ggg:) 2% 6,2 1 19,9 13.5 9.7 1.7 0,06 2,36
-ooloo -030 “030 "‘0&.-008
08 .16 ,10 ,02 ,04
OO
8, pDisctyldiphenylamine,No, 22, ° :
rou:lyat. 0.435. 6.8 ” 425.9 (%) 2, 1.7 2.5 15.3 6.6 1,7 000 0.87

0.1 . $36 22 «20
2 7A 28 ,08 .1, 12

0L
CHs. . CH,_ :

]
(‘;' “L)(, ((_:_ HYe
CH, cHy

L/ The valuss under W are the per cent oil insoluble after the isooctane wash., The values under P are the per cent solid
precipitated by oxidation of isooctane to the filtered fluid.
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Table 1. Oxidatioms in Mireral 0il, MLO 57-30 (Cont’d) :
25 ml. Saaple Alr Flow 1 1/Hr.
Additive, CCL No., Formuls, Run Temp, | Time, JWeight [Kinematic Viscosity Change, %, | Neutrellzatlon | iso-octane
Concentration, Metals Present No. gc Hours Loss, 54.59C % . 100°C 195°C Number Insoluble,
(°F) % (130°F) | (212°F) | (383°F) ‘ W' P,
2-Phenylbenzoselenazole, ° . :
No. 300B, 0.32g. 425,14, 2600 24 4e3 22.3 147 741 Tol ~0,004 0494
Al Ag OCu S.8. Ti (500°) ’
0,00 =,10 .22 ,36 .24
o‘% 034 -40 .28 ol2
o .
300B, 0,32z, No Metals 18,7 (.5?6‘80) 48 3.0 773 5340 27.3 4e5 070 2.23
o .
300B, 0.32ge 418.8 260 48 3e4 - 96.0 5543 4342 Le5. . .
AL Ag Cu 8.8, T (500°) : ' 097 .20
0,10 .18 L6 ,14 02
«10 .16 .10 .18 ,10
Ny
O:SJC_Q
Benzyl disulfide, No. 321, ) °
0430g. . 4,29.,9 260 24 2.6 22.1 16,3 9.3 le4
Al Ag Cu 8.8, Ti (500°) 48 W62
-0.& -3.08 13.3 109 "010
«08 3,02 1.1 .34 06
(CeHCH S=) 2
Phenyl=-alpha-naphthylamine ) _
No. 61, 0,28g. ’ 425.2  260° 2% 2,5 25.3 18,0 8.6 0.9 000 .79
Al Az OCu 8.8. Ti (500°%) .
0,06 .12 ,06 ,2, .08
«30 .34 W28 .30 416
61 0.28g.A1 Ag Cu S.5. T4 4244 2600 48 5.7 61.5  45.8 30.1 0.5 Qo o8
0,02 .16 ,04 .18 .04 (5007) ’ .
«04 02 06 .04 ,.00
w(
2-Methyl benzothiazole, o .
No. 213, 0.19g. 429.8 26D 2 3.2 2.2  19.8 . 10,4 1.8 04789
A1 Ag Cu S.5. Ti (500°)
~0,16 -,02 ,72 ,20 -,10
06 ,04, .22 ,00 ,02
oy
Diphenyl diselenide,No. 323, o .
0.20g, 41 Ag Cu S.8., Ti 4294 2600 2, - 3.0 8.1 2.3 12,2 2,0 2060 82
5.34=7484 13.6-1.94-1.94 (500°) :
06 76 .88 ,16 .00
OO
Dilauryl selenide, No. 271, o
0,20z, A1 Ag Cu 8.8, Ti 4291 260o 2 2.9 35,7 25.5 14,9 3.9 091 58
-0.18 2,74 3.30 J16 -.04 (500°} ' .
00 .28 ,10 ,00 406
i
271’ 00408- . ] .
Al Ag Cu S.S. TL 428.5 260 2, 3.6 2.0 20,6 11,3 34 4000 .51
0,26 2.0 6,16 18 -, 28 {500°)
000 W74 WA OO0 06
r [ors(cH,) 44l 5 S€
2,2’-Dipyridylamine, No..138, . .
"Ou2%g. AL Ag Cu .S.8. Ti 425.8 260 2, 3.7 31,0 22,4 13,2 1.9 L000 .99
0.04 00 42 L12 LO0 (500°) -
W18 4B .38 .36 W46
W
@—r’l_.O
e éﬁ:)‘,
exg ™Mo eHy
Morpholine diselenide,No. 324, ° .
0,10g,A1 Ag Cu S.S. Ti 429.2 260 2, 2.6 37.8 26,0 15,5 1.2 . 090 .88
-0,08 9,74 5,66 .30 ~0.08 (500°) :
10 2,56 ,38 L,06 02
324,0,20g.A1 Ag  Cu S8.5. Ti 428.4 260° A Lo 3.5 2.9 13.2 5§ .22 .73
20,02 1443 10.4 <10 -,18 (500°)
22 1,5 .82 .26 ,12
LCHz#CH, _ CHg=CH,
0, N-Se-Se~N ( P
CHa~CHZ” CH,~CH,
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Table 1. Oxidations in Mineral 011, MLO 57-30 (Cont’d)
Sample 25 ml, Air Flow 1 1/Hr.

Additive, GCL No,, Formila, Run Temp, 1 Time, | Weight [Kinematic Viscosity Change, %. ] Neutrallzatlon | Iso-octsno
Concentration, Metals Present Nos o¢ Hours loss, 54.5°C %] 100°C 195°¢C Number Ingoluble,
~ ©rn | % (130°F) | (212°F) | (383°F) W P!
_ Thianthrene, No. 64, 0,05g.
and Phenyl-alphe-nephthylemine, 427.2  260° 24 3e4 30.8 22.1 12.8 1,2 0.00 1.09
Noi 61, 0,25¢g, (500°) :

‘A1 4z Cu 8.8, Ti
~0,08-422 =14 =020 =34
.06 .10 .10 .02 .04

LD

Thianthrens, No. 6A, 0.27g. 4211 260° 24 4e3 34.3 2.8 10.4° 1.5 .03 .95
AL Ag Cu S.85. T4 (500°)

“0,20-,20 00 -,22 -,22 :
W08 ,22 .12 .04 .04

1-Cystine, No. 108, 0,30g. o
AL Ag Cu 8.8, Ti 4214 260
~0,30-.40 .68 .80 -,12 (500°)
W12 W44 60 10 .04

E{O 2COHCH ,s—..._i
2

24 b7 33.6 22.6 16.6 1.2 #13 1.14

NH,

4-Bydroxy-3, 5-ditertiary o
butyl benzyl dimethylamine, 425.6 260°
No. 371, 0.32¢. (500%)
Al Ag Cu 8.8. M
-0,12 -,08 ,20 ,08 ,L1l4
o266 .32 .30 2% .2

371,0.32g.A1 Ag Cu S8.S5. Ti 4249 260° 48 9.3 30.3 18.9 12.6 0.7 .07 W7
0,04 .02 ,08 .22 .26 (500°) :
.12 J06 ,06 .02 .D2

24 3.1 40.4 2.1 15.8 1.3 .00 1.05

371 0.16g. and Na Sul (BSN)
Barium Sylfonate Neutral Salt ° .
~ 50% Dispersion in Di~2~ethyl 425,10 260 24 A 30.0 23.0 12.5 0.9 .00 76
hexyl sebacate, 2 dropa (500°)
Al Ag Cu 8.8. T1
O.m .06 .u lm 014
2 .38 ,30 .16 o

Di-(2-hydroxy-l-naphthyl) °

selenide, No. 307, 0.46g. 428.8 o

Al zgg Cu S.8, Ti (500°)
=0,40 26,6 8.30 -;02 -, 20
a6 .98 .98 J18 00

ol

2-Mothyl mercaptobenzothhmle,

¥o. 208, O,23g. 429.7 aso° 2, 4e5 38,1 2%.8 1644 1.0 .06 1.36
Al Ag OCu S.8. Ti 00°)

0,08 ~,26 1.36 1,58 -,02
02 W12 L,26 L1 L04

NYy-seny
s

Benzyl sulfide, No, 320,0,27g. 428.3 260° 2% 5,2 3844 27.0 18.9 0.9 .06 .97
Al Ag Cu S.8. Ti (500°)

-0,30 ~1.32 .86 1,02 ~,18
002 W44 o66 1.2, 12

2 3.2 38,0 26,8 14.7 0.8 W45 .59

(GgHaCH,) ;9
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Table 1. Oxidations in Mineral 011, MLO 57-30 {Cont’d)
Sample 25 ml. Alr Flow 1l 1/Hr.

Additive, CCL No,, Formula, Run Temp. | Time, | wWeight |Kinematic Viscosity Change Neutrallzation [ Iso-octane
Concentration, Metals Present No. gC Hours Loss, 54,.5°C%| 100°C 195°C - Number I_nsoluble,‘
(°F) % (130°F) | (2°F) | (383°F) W' P
Tetraethyl thiuram disulfide, o
No. 124, 0.37g., 421.5 260 2 4e3 39.0 30.3 16.3 1.5 0.02 1.54
Cu .

Al Ag 8.8, Ti (500°)
0,22 =16 410 B =30 .
U B0 W54 W42 o

T P

‘cana
6~Anino-2-mercaptobenzothiszole, R
Yo, 207, 0.23g. 429.6 260 2 2.4 39,6 31.0 19,7 0.8 W35 77
cu 8.8, Ti (500°) :
..o. - T =eh2

«10 1.32 .74 «00 .18

NTH
Lyd?=Thiobls 6=tertwbutyle-m- : .
cz"eaol Ou4lge Moo 156 49 2600 2% 29 2.3 18,5 10,4 1.0 07 493
AL Ag Cu 8.8, Ti (500°) :
“0.L4me30 1034 002 =030 ,
1 o2 90 W12 W04

€(CHydy ceHy)y
N-Cyclohexyl-2-bensothiazole- ° i .

sul fenamide, No. 163, 0.33g¢ 4B.2 %0 2, YA L 313 20,0 A .10 .61
Al Ag Cu 88, T (500°) . o

-0.18 --18 5.54— 002 -0210
W16 521,18 1.48 W08

He u,

- {d

[ -Dinitrodiphenyl digelenids,

No. 3033) 0025‘0 . 4807 o % 3.3 42.3 30.9 a.2 1.0 25 49
Cu 8.8. T - (500%)
-0.21. 14e3 1072 1 =eddy
W00 76 .60 W04 16
No,
O-h—&-éf'
2,2°-Dithiobis (benzothiazole) o .
Ne. 155, 0.41g. 421.8 260 2, 4ol 42:5 3.7 19.0 1.5 00 2,36
Ag OCu 8,8 Ti (500%) ‘
-o.z&.w 10,06 2,74 =0.24 .
10 .52 .66 .78 .08
N
O’_’z—:—r—'@@
‘ 2-Phenylnaptho(2,1)thiazole, o
No. 299, 0.32g., 48,6 260 24 3.6 4345 2.6 17.5 1.7 .06 .58
A1 Ag Cu 8.8, T (500%)
=0.20 1.78 1,82 ,30 .08
00 W44 486 430 .00
N,
oo tm®
Phenyl disulfide, No. 322, . :
0e27gey 428,10 2602 2, 3.2 46,0 33.8 20.0 0.8 .08 .53
Al Cu 8.8, T& (500°)
«0.46 =o30 1,86 ,98 «.20
22 32 W42 B L2
(CeHs5-) >
19
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Table 1. Oxidations in Mineral 0il, MLO 57-30 (Cont’d)
Sample 25 ml,

Air Flow 1 1/Mr.

Additive, TCL No., Formuls,
Concentration, Metals Present

Run
No,

Time,
Hours

Weight

Temp,
° Loss,
Z

C
(°F)

(130°F) | (202°F) (383°r)

Kinematie¢ ViscosIty Change, &,
54,.5°C %[ 100°C 1959C

Neutrallzation
Number

Iso-octane
Inzoluble,
W P!

494?~Dithiodimorpholine,No. 164, 427.6

8.8, Ti
070 -01/0
10 .02

Cu
a8 1%
.48 'M

P CHR"GHI \N .
™ GHCB;”

0.30g, Al
=0,46
«10

~,

CH,~CHy™~

N,N’~Diphenylthiourea,No. 159,
0.9g, 41 Ag 8.8, Ti
=0630 =,38 2,74 12 -,12
06 30 .30 .12 ,L,02

WEw
ot

8-Nitrodiphenylamine, No, 87,

3.258. No Metals

7, 02530‘1 ‘8 Cu 8.8, Ti
0.22 4,22 .52 .22 .04
o 426 1, L10 ,08

H Nop
O™ Q
2,4~bis (phenyl mercapto)

toluenes, No, 372, 0.36g.
AL Cu 8.S.
0006 '1

32,70
06 .12 .12 ,02
CHy

&0
<

2-Amino--/~ (p~diphenyl )thiazole,
No. 199’ 00313-

41 Ag OCu 8.5, T1
8,06 16,74 4e96~47,8 10,3
004 Ou 050 toz -06

O-Og.

Piperdinium~l-piperidine-
carbodithioate, No. 160,
003180
Al Ag Cu 8.8,
-0006 "oolw"ala 002
01/& o% -810 048

Hz Hg
c—o¢
s N\
HaC N~
Neg—0C” 8
) Hz Hz

T4
«08
006

Ti
~el4
+00
H, H,
H
-C-§
ENc—cC
Hp H,

Cadmium dismyl dithiocarbamate,
No. 399, 0.50g.
Al Ag Cu
0.04 ~0.08 1,28
04 34 W2

Ti
«02
«02

Se8.
.58
206

. ‘8
c,%—»—&m—c—u—c sHo
cd

WADC TR 53-293 Pt VIII

427,10 260°

(-]
8.9 260
8.9 500°
418,10 260°

424,10 ."360°

429.5

4248

2600 24 4ol 49.8 36.0 2.9
(500

°)

/cnrcﬂa \0

4ol 52,0 15.2 23.9

(500°)

60,1
%02

36.7
37.8

7847
85.5

2.9

1.7
(500°)

5e2 81.0 58.8 37.2

(500°)

° 9.5
(500°)

2.3 66,7

3.1 52,6

_c—Cy
s

CH,

6.0 107.1 7602 45.6

(500%)

1.3

1.2

0.8
0.8

1.0

1.6

1.5

0.6

0.02 1.58

06 0,67

$055 W43
+131 1.38

.12 55

.03 .70

o 04 .58

09 1,02



Oxidations in Mineral 011, MLO 57-30 (Cont’a)

Table 1. ‘
: Sample 25 ml, Alr Flow 1 1/Hr.
Additive, CCL No,, Formula, ~ Run Temp. ‘Time, JWeight [Kinematlc Viscosity Change, & Neutrallzatlon | Iso-octane
Concentration, Metals Present No. oC Hours | Loss, 54,.5°C ¥ 100°C 195°C Number Insoluble,
‘ (°r) A (130°F) | () | (383°F) W P
Aoridine, HNo. 82, 04 25¢g0 °
Al Ag 8.8, T1 42462 %Oo 7.0 124.0 Tledy 5446 0.6 0,10 0,70
0.2 .56 .36 58 (5007)
02 .02 L0 00 .02
4yh?-Methylele bis~2,6~ ° )
ditertiary. butyl phenol, 42%aT 20 48 To 190.5  119.0 66.3 0.6 .09 .62
No. 370, 0.50g. (500°) ‘
Ag Cu 8.8, Ti
-0.04 04 04 402 04
W08 (04 06 L0, 02
C(CHs)y c(CHy)s
HD@_— H
(cHsle CHL——(jc(cu,\,
N,N'-D:lphenyl—g—phenylono—
diamine, No. 186, 0.34g. o , .
(reorystallized) 425,5 260° 2, 2,6 12,0 96,7 38,5 1.2 0.08 2,66
AL Ag Cu S.8. T4 (500°)
0,02 ,02 L12 L10 ,l2
U W32 20 2% L2
186 0.34g. o
Al Ag Cu S.8. Ti 420,10 260 48 6.3 NoM, N.M, N.M, 0.9 211 «30
0,12 .22 .18 ,l2 +06 (00)
2 WA W16 L02 «02
HNC Hy
HNC, Hg
4y4?=blsthiopicolenamide °
diphenyl, No. 401 0.27g. 42he5 260 48 9.6 2110 1445 The5 0.6 0.50 1,1
AL Ag Cu 8.8, T4 (500%)
0,04 410 3.64 .34 -,02
06 06 .08 ,02 ,02
" HoW
c—y N—~C
ey J ‘
Phenothiazine, No. 293, 4% 2602 48 6.7 BM. 2750 116.5 0.5 0.52 5497
0.25g.41 Ag OCu 8.8. T (500%)

~0,02 400 ~,86 .10 ~,12
W04 04 G212 02 L06

Q0

N.M. Too wiscous fbr measurement,

NoFs Not Filterable,

WADC TR 53-293 Pt VIII



TABLE 2
Oxidations im Fluid F-60, First Batch

25 ml  Sample
Additive, CCL No,, Formula, Run Temp, ] TIme, [Weight |Kinematlc Viscosity Change, %, | Neutrallzation | Iso-octans
Concentration, Metels Present No. % Hours | Loss, | 54.59C*| 1009C 195°¢ Number Insoluble, |,
°r) % (130°F) | (212°F) | (383°F) 4
Nens, No Matals vV 358.1 (zsog) 2% led Q 36 37 0.6 0,06
500
Bene, No Metals v 358, 2 ( :) 48 2.9 153 1% 115 0s4 - 0,02
500
Neme, A1,Ag,Cu,8.8.,T1 1/ 358,3 (vaso:) 2 1.5 25 22 17 C 6.7 0.0, g/
500 o
Bens, Al,Ag,Cu,8,8.,T4 )/ 35804 (ﬁg) 48 2,0 61 53 47 0.7 0.04 b/
Nexe, Al,Ag,Cu,Cr-e,Ti 1/ 358,5 ﬁﬁ) % 1.6 n 9 7 0e6 0,02 g/
Neme, Al,Ag,Cu,Cr—Ne,Td }/ 358,6 (%:) 48 21 20 18 U 0.5 0,00 4/
Nene, Ne Motals hv4 36,1 316° 6 4e9" 93 8 87 © 1.0 0,00
{600°) :
None, Ko Metals b4 366,2  316° 12 24 665 575 670 p A 0,16
(600°)
Nene, Ne Metals ¥ 3Ll 36° é 14 1, 12 75 Lo4 0.10
(600°)
. Nems, No Mstals -4 35l 36° 12 25 48 43 140 1.7 0,02
. (600°) : :
Nons, No Matals Py 350,1 (z%gg) 12 1,0 a 27 N.D. 1.5 0,08
Nome, No Metals 2 3.2 ne® 12 16 105 N.D. 1.3 0404,
_ . (600°)
Nens, Al,4g,Cu,8.8.,T1 2/ 351.3 (63%:) é 1.7 19 17 8 1.7 0.04 o/
Bene, A1,Ag,0u,8.8.,T4 2/ 353.1 (2%33) 6 2.1 19 17 25 1.5 0,028/
Neme, Al,Ag,Cu,8.8.,T4 3/ 35%04 ;g%g:) 12 34 50 46 87 1,8 0,08 g/
Nene, A1,Ag,Cu,8.8.,T4 2/ 353.3 (Z%g:) 12 3.5 66 58 112 1.4 0.04 3/
Nome,A1,4g,0u,8.8.,74 2/  350,3 (2358:) 12 25 53 8 ND. 1.5 0404 3/
Nome, A1,Ag,Cu,8.8.,TL 2/ 35004 (2%8:) 2 4e3 202 183 N.D. 1.2 0.04 i/
Nome, Al,Ag,Cu,8,8,,74 3/  361.3 36 4el 179 158 189 1.7 0.0, ¥/
Nome, Al,Ag,Cu,Cr-Mo,Ti 3/ 361.4 36 Te5 86 73 79 1,7 0.10 )/
| Nems, Al,dg,0u,8.8.,T1 4/  364a1 £ 3.3 210 2 208 L1 0.06 w/
Neme, A1,Ag,Cu,Cr-Mo,Ti 4/ 364.2 48 6.6 100 86 80 1.0 0.06 »/

Gas Flow 1/hr. = Alr
Gas Flow 1/hr. - 95¢ N, ~ 5% O, °
2, hours with air at ago"c snd 12 hours with 95¢ N, and 5% 0, at 316 C, °
2, heurs at 260°C, raise te 316°C for 12 heurs, after 36 hours drep te 260 C for 12 heurs with 95% N, and 5% 0, Total 48 hrs.
Metal Effects, Weight Loss, mg/cm?
Al 0,06 Ag 0.52 Cu 0,90 8,8, 0,16 Ti 0,12
»04 Ag 0.56 Cu 1,26 8.8, 0,00 Ti 0,06
20 Ag 0446 Cu 0,86 CraMo 0,28 T1 0,26
402 Ag 0436 Cu 0,84 Cr-Mo 0,02 Ti 0,02
0046 Cu 0,46 8.8, 0,14 T4 0,00
0430 8,8, 0,20 Ti 0,02
1,00 8.8. 0,32 Ti-0,02
8

[eXeXa]
N

SRR

RERRERRERE

OO
.

0,00 8.8, 0,22 T4 0,00
S.S. 0,28 T4 0,08

[eXeNeoNe Kol
o e .
e &

0,38

0,98 8,8, 1.5 Ti 0,02
1,08 8.8, 0,18 Ti-0,06
1,08 Cr-Mo 0,68 Ti 0,10
2,00

40

(=X eoXe]
)

8.5, 0,92 ™1 0,0
Cr-Mo 1.00 T{ 0,18

g

SUIEREPSE
gegggggee

2

OO?OOO

TREEREER R EREE Y
FEEEEEEEREEEEE

W O W Lo N
vRa3BRE

o
.
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Oxidations im Fluid F-60 (Comt’d)

Table 2.
First Batch 25 ml. Sample
Additive, CCL No,, Formula, Run Temp, | Time, |Weight |Kinematic Viscosity Change, %, ] Neutrallzation | Iso-octane
Concentration, Metals Present No. gC Hours Loss, 54.5°C 7| 100°C 195°C Nunber Insoluble,
(°rF} % (130°F) | (2°F) | (383°F) .
N,N’-m—z—nphthyl-g-phmlno-
diamine, No. 260
YOMEMSS
0.05 g. p/A1,Ag,Cuu,808,,T4 L/ 357.3 (gﬁo:) 48 1.5 6 5 .2:9 0.7 0,08 b/
00 .
0,05 g, ALAg,0u,8.8.,T4 1/ 3574 (:saso:) 48 2.1 6 4 34 0.6 0,06 o/
00
0.05 goy Al;Ag,Cu,Cr-Mo,T4 1/ 358,8 (500:) 48 1.3 4 3 1.3 0.5 0,22 ¢/
. 0.10 . No Metals 366‘3 316 6 1.7 9 7 . °o7 0-38
[ v ey 5.7
0,10 g. No Metals LV 364 36 12 3.0 53 45 41 0.7 0024
(600%)
0.10 g» Ko Metals 1 366.5 Z%g:) 2 1.3 4320 3550 NoM. 1.3 0446
0110 gy AL,Ag,0u,8.8., T 1/ 366.6 (2%80) 6 2.5 7 6 49 0.9 0,30 o
0,10 go, Al,Ag,Cu,8.8.,T4 1/ 366,7 (Z%8°) 12 3.6 62 54 52 1.0 0,38 g/
0,10 ge, Al,A2,0u,8.8.,T1 1/ 366.8 (2(1;8:) % 8.3 NeM. HoMe N.M. 0.7 921 g/
002580, AL,AgyCu,8.8.,T1 2/ 353.2 (ag:) 6 1.9 5 3 2.8 0.7 0,10 b/
0,058, A1,Ag,0u,8.8,,T4 2/ 353.5 (& g) 3 1.7 4 2 0.8 0.9 0,22 i/
0,10g., 41,Ag,0u,8,8.,74 2/ 35L.9 (2%)8:) 6 1.9 5 3 0.8 0.8 0.08
0.025g.y Al,Ag,0u,8.8.,T4 2/ 350.5 (gcl,g°) 12 3.8 3 N.D. 1.5 014 ¥/
0.025g.5 Al,Ag,0u,8.8.,T4 2/ 353.4 (2%)8‘) 12 2,6 2 18 20 0.9 0,10 3/
0.05g.5 Al,Ag,0u,8.8.,T4 2/ 353.6 (238:) 12 2.9 17 15 15 Lol 0.18 p/
0.10g., Al,Ag,Cu,8.8.,74 2/ 351.10 (z%g:) 12 2.3 5 3 3.2 1.0 0.26 n/
0,025g+5 Al Ag,Cu,8.8.,TL 2/ 350.6 (Zég:) % 24 172 155 N.D. 1.3 0.10 of
0.05g0A1,Ag,0u,8.8.,T1 2/ 353.7 (2%33) 2% 4ol 69 62 61 1.1 0.18 p/
0.10g., Al;Ag,Cu,8.8.,,T1 2/ 353.8 (Z%gg) % 4ob QA 36 3 1.1 0.40 of

8/ The sample of addltive tested here was subjected to a purification proceas.. See comment in body of report, Page 6.

1/ Gas Flow 1/hr, -

g/e.snwl/hr.-95”,-5%0

Metal Effects, Weight Loss, mg,

cm’

b/ AL 0,14 Ag 0436 Cu 1.52 S.8. 0,04 Ti 0,10

¢/ Al 0,08 Ag 0.40 Cu 1,76 8,8, 0,06 Ti 0,18
4/ A1 0,04 Ag 0,08 Cu 0,74 Cr—Mp 0,02 T4 =0,22
e/ A1 0,26 Ag 0,42 Cu 0,86 8,8, 0,34 Ti 0.32
£/ A1 0,60 Ag 0,76 Cu 1,10 8.8. 0,42 T4 0.34
&/ Al 1,06 Ag 0,72 Cu 1,26 8.8, 0,70 T1 0,36
b/ AL 0,04 Ag 0.28 Cu 0.44 8.8, 0,10 T4 0,00
i/ A1 0,58 Ag 0,26 Cu 0,60 8,8, 0,02 T4 0,00
A1/ A1 0,08 Ag 0,22 Cu 0,58 8.8, 0,14 Ti 0,12
k/ Al 0.2, Ag O.44 Cu 0,70 8.8, 0.42 Ti 0,04
1/ Al 0,06 Ag 0,54 Cu 0,56 8,8, 0,18 Ti 0,02
n/ Al 0,00 Ag 0.42 Cu 0,60 8,8, 0,20 Ti 0,00
n/ Al 0,18 Ag 0,40 Cu 0,82 8.8, 0,16 Ti 0,08
;_% Al 0,30 Ag o.}g Cu 0.22 8.8, 0,70 T1 g.gg
Al 0,02 Ag O, Cu 0, SeSs 0434 TL O,
a/ Al 0,00 Ag 0.54 Cu 1,08 S.S. 0.14 Ti 0.00
WADC TR 53-293 Pt VIII

N.M.
N.D.

23

Too viscous for measurement.
Not Determined.



Tsble 2 . Oxidatioms im Fluld F-60 {Cowt’d)
First Batch 25 ml Semple -
Additive, CCL No., Formila, Run Temp. | Time, |Weight |Rinematic Viscosity Change, . | Neutrallzation [ Iso-octane
Concentration, Metals Present No. gC Hours Logs, 54,,59C ¥ .100°C 195°C Nunber Insoluble,
©r) % (130°F) | (2LF) | (383°F) . %
N,N’ —Di—i\—Naphthyl—p_—phenylene-
disnine, No, 260 ( td)
0.025g, a/Al,Ag,0u,8.8.,T1 3/ ~360.1 36 3.1 42 38 3. 0.9 0.12 b/
0.050g. 8/AL,Ag,Cu,8.8.,T4 3/ 360.2 36 304 40 35 45 0.9 0,18 o/
0.025g. B/A1,Ag,Cu,Cr-Mo,Td 3/ 360.3 36 2.7 42 37 45 0.9 0,02 &/
0,050g, ,A1,Ag,Cu,CrMo,Tia/ 3/ 360.4 36 3.0 27 23 25 1.1 0.11 ¢/
0.05g., Al,Ag,0u,S.8.,71 3/ 36L1 ) 40 LA 36 37 1.5 0,06 £/
0.05g.,A1,Ag,Cu,Or-Mo, T4 3/ 361.2 36 4e2 33 2 35 1.7 0,16 g/
0405g. ,A1,Ag, 011,884, T4 4/ 36403 48 3.1 105 95 83 0.9 0,08 b/
0.05g.s AlyAg,Cu,Cr~Mo,TL &/ 3644 48 bl 85 75 66 0.9 0.10 i/
Oslges ALyAg,0u,8.8.,T1 4 36405 48 3,0 108 96 83 0.9 0.0 j/
04280 5ALyAg,Cu,5.8,,T1 &/ 3646 48 3.3 80 72 63 1.1 0.02 X/
N, N’-Di-2-naphthyl-p-phenylens- o
dianine, 0,050 g, and Vemadyl- 358.7 260 C 48 1.9 4 3 1,8 0.7 0,10 1/
2-ethyl hexoate, No. 379, (500°F)
0,001 g., A1,Ag,Cu, S.8.,T1 1/ v
Venadyl-2-ethyl hexoate,No.370 358,9  260%C 48 2.3 43 38 3 1.0 0k 1/
0.050g. ,A1,Ag,Cu,8.8.,T4 1/ (500°F)
Diphenylguanidine, No. 161, .
0.10 gu, Al,Ag,Cu:S.S.,Ti 2/ L7 (2%620) 6 1.6 8 7 Py 1.3 0,16 p/
0°F
n—g -—-N 3518  316%¢° 12 3.0 27 23 Lol 0.2, of
a & @ -
Di-2-naphthylemine, No. 383,
0.10g., Al,Ag,Cu,S.S.,Ti 36649 (Zgégc) 12 3.1 29 2% P 0.9 0,16 p/
0°F
N—— 366,10 316°C 2 3.6 227 196 18 1,0 0.8 g/
Jepuee @) ‘
Aoridine, No, 82 °
0.03gss Al,Ag,Cu,8.8.,TL 2/  350.7 (2%80 c) 12 2.6 45 40 N.D. 1,3 0.0, ¢/
F
N 350.8  316%C 2% 6.2 164 us N.D. 1.2 0.06 g/
ﬁf (600°F)
2,2’-Dipyridylemine, No. 128,
0.10 g., Al,Ag,Cu, +S.,T1 3515 - 316%C 6 21 1 9 9 0,8 0.4 t/
____ (600°F)
@ 35,6 316°C 12 3.4 33 2 2 1.5 0.2 W
(600°F)
0s10g., Al,Ag,Cu,S5.8.,TL )/ 358,20 (5oogc) 2.3 35 30 25 0.4 0.04 v/
F
3-Phenylbenzoselenazols,
No. 300B,
0,10z, Al,Ag,0u,8.5.,T4 3/  36L.5 36 6.3 154 134 127 1.9 0,10 w/
0.10g. Al,Ag,Cu,CroMo,TL 3/  36L.6 3 8.5 152 133 133 2.1 0.12 %/

&

T
5e”

2/ The sample of additive tested here was subjected to & purification process.

1/ Gas Flow 1/hr, - Adr
2/ Ges Flow 1/hr. - 95% N, - 5% 0,

3/ 2, hours with air at 260°C and 12 hours with 95¢ N, and 5% 0, at 316°C,
&/ 2 hours et 260°C and raise to 316°C for 12 hours, after 36 hours drop to 20°C for 12 hours with 95% N, and 5% 0z

Metal Effects, Weight Loss, mg/cm?

B/ AL 0,08 Ag 0,26 Cu 1.26 8.8, 0,30 Ti 0,08
o/ Al 0.2 Ag 0,58 Cu 1.36 8.8, 0.54 T1 0,22
4/ A1 0,28 Ag 2.56 Cu 1.16 Cr-Mo 0,76 T 0,18
o/ AL 0.28 Ag 0,68 Cu 0,98 Cr-Mo 0,58 Ti 0,18
£/ AL 0,18 Ag 0.80 Cu 1,06 5.8, 0,24 T1 0.00
g/ AL 0,16 Ag 0,86 Cu 0.86 Cr-Mo 0.54 Ti 0.02
B/ AL 1.72 Ag 1.38 Cu 2,24 8.8, 1,16 T1 042
1/ A1 0,70 Ag 1,92 Cu 2,00 Or-Mo 1,42 T4 0.38
3/ AL 0.90 Ag 0,88 Cu 1.94 S.S. 0.52 T 0,06
&/ A1 0,90 Ag 1.08 Cu 1,38 S.8. 0.44 T4 0,16
1/ A1 0,12 Ag 0,26 Cu 0.58 S.8, 0,08 T 0,08
1/ Al 0.00 Ag 0,64 Cu 0.82 5.5.-0,08 T1-0,16
o/ AL 0.42 Ag 0,94 Cu 1.00 S.S. 0,18 T1 0,02
o/ A1 0,48 Ag 0,62 Cu 1.2 S.8. 0,30 T1 0,00

WADG TR-53-293 Pt VIII

Metal Effects, Weight Loss, mg/om

See comment in body of report, Page 6.

2/ A1 0,58 Ag 1,18 Cu 1,12 S.8, 0,38 T1 0,38
a/ A1 0,98 Ag 1.48 Cu 142 S¢Se 0,56 T4 0418
r/ Al 0,30 Ag 0,12 Cu 1.32 S.8, 1,02 T4 0,04
8/ Al 0,2, Ag 0,06 Cu 1.88 S.S. 0,75 T1 0.02
1/ A1 1.6/ Ag 1,30 Cu 1,30 S.3. 0.58 Ti 0,06
B/ Al 1,04 Ag 1.2 Cu 1426 S.8. 0.5, Ti 0,00
¥/ A1-0,16 Ag 6.42 Cu 146 S.Se 0,10 T1 0.02
¥/ 41 0,50 Ag 0,76 Cu 0,56 8.8+ Ook4 Ti 0,08
%/ Al 0.8, Ag 0.5, Cu 2,62 Cr-Mo 0,52 T 0,14



2/ These values are tabulated in a separate table.

WADC TR 53-293 Pt VIII
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Table 3
Oxidatiens in Fluid F-60, Second Batch 25 a1 sample
Additive, CCL No., Formula, Run Temp, | TIme, JWeight [Rinematlc ViscosIty Change Neutralization | Iso~octane
Concentration, Metals Present Yo, gC Hours | loss, 54.5°C ¥ 100°C 195°¢C Number Insoluble, 2/
(°F) % (130°F) | (2PF) | (383°F) %
Nene, A1,Ag,0u,8.8.,T1 1/ 2.1 . MO0 % 1.9 17.2 16.6 13.6 0.6 s/
(500°F)
Eene, Al,Ag,Cu,S.8.,7i 392.2  260% 3.4 64.6 58.0 5045 0.9 14
(500°F)
Nene, Al,Ag,Cu,8.8.,T1 397.6  260°C 3.0 66,2 59.3 50,7 0.6 I
(500°F)
Fone, Al,Ag,Cu,3.8.,T4 409.4, 316° 12 N.D. 47,0 426 37.8 0.6 I
Gas Flow 95% N, 5 % 0,. : (600°)
411,10 12 N.D, 7940 72,0 62.4 1.2 of
N,¥’=Di-2-naphthyl-p-
phaaylaaeditine, Yo, 260, o.
0.010 g., Al,Ag,C4,8,.8,,T1 398.5 (go) 48 2.0 8.9 7.6 5.4 0.8 o
0.025¢.,A1,4g,C1,8.8.,T1 397.10 (zsog) 48 1.5 4e2 3.7 1.6 0.6 t/
0.025g. ,A1,4g,Cu,8.8.,T1 398.4 g) &8 1.9 5.8 4o 34 0.7 %
0.05g., Al,Ag,Cu,8.8,,T1 392,3 (%g) 48 2,0 5.2 49 3.6 0.8 Y4
0.03g. ,A1,Ag,0u,8.8.,T1 409.2 3167 - 12 4e3 26,8 2l 20,0 1.0 v
Gas Flew 95% N, 5% 0,. 600°%)
Q80
M, N’-Diphenyl-1,4~bepze- °
quinenedispine, Ne. 352 398,10 260 48 2.7 8.0 6.4 5.7 1.0 V
0.10g. ,A1,Ag,Cu,8.8.,T4 (500°%)
=0
~ ] .
phenylenedisning, Ne. 351 398.9 2607 48 3.5 Lok 12.3 10.2 0.9 X
0.10g.,A1,Ag,Cu,S.5,,T1 (500°) o
q
AL
’—Di-2-naphthyl
Ne, 260, o ’
0,010z, and 398.7 %07 48 2.2 15.4 13.7 10.2 0.9 v
Ne. 161, 0,010g. (500%)
Al,Ag,Cu,8.8,,T1
o}’ -1 2~aphthyl-
Ne. 260, ° )
0.010g. and acridine,No.82, 398.6 260, 48 L5 3.3 2.6 2.6 0.7 74
0.050g., Al,Ag,Cu,8.S.,Ti (500°)
’- - L
Ne. 260, R
0.005g, acridine, Ne. 82, 398.8 2607 48 1.3 hedy 43 3.2 0.6 4
0.010g. sidd Diphenyl- (500°)
Ne. 161,0.005g.
Al,Ag,Cu,S.8.,T1
Metal Effect, Weight Less, mg/em?
a/ Al 0,1 Ag 0,36 Gu 0.82 S.S. 0.00 Ti 0.00
P/ Al 0,06 Ag 0,78 Cu 1.44 S.8. 0.00 Ti~0,0/
¢/ A1 0,08 Ag 0.10 Ou 0.94 S.S. 0.06 Ti 0.04
4/ Al 0.02 Ag 0.02 Cu 0.14 §.S. 0.04 Ti 0.02
¢/ A1 0.02 Ag 0,10 Cu 0,20 S.8, 0.00 T4 0,02
£/ A1 0,04 Ag 0.04 Cu 0.44 8.8, 0.04 Ti 0,06
g/ Al 0.02 Ag 0.02 Cu 0,10 §,S. 0.04 T1 0,00
b/ A1 0,06 Ag 0.20 Cu 0.66 8.8.-0.04 Ti 0,00
4/ A1 0.02 Az 0,00 Cu 0.36 8.8, 0,12 Ti 0.00
i/ A1 0,02 ig 0.12 Cu 0.26 8.8, 0.04 Ti 0.00
k/ A1 0,04 Ag 0.16 Cu 0.44 S.8. 0.04 Ti 0.06
1/ A1 0,02 Ag 0.16 Cu 0,70 8.8, 0.02 Ti 0,02
@/ Al 0,12 Ag 0,08 Cu 0,18 8,8. 0,02 Ti 0,00 r
o/ Al 0,02 Ag 0.18 Cu 0.48 S.S. 0.00 Ti 0.04
¢/ A1~0,70 Ag-0,28 Cu 0,22 S.S. 0,20 Ti~0,16
N.D. Not yet determined. £1 1/br
l_./ Unless otherwise indicated the oxidatlons were performed with 25 ml of fluid with dry air passing at the rate o .




Teble 3 . Oxidatiens in Fluid F-60 (Cent’d).

3

s/ A1 0,08

P/ A1 0.16 Ag 0.12 Cu

¢/ Al 0,00 Ag 0.16 Cu 0.84

4/ Al 0,10 Ag 0,08 Cu 0,50

¢/ K1 0.00 Ag 0,56 Cu 0,66

L/ Al 0,02 Ag 0.44 Cu 1.42
- &/ AL 0,02 Ag 0.40 Cu 0,98

b/ Al 0.04 Ag 0.32 Ou

i/ A1 0.00 Ag 0.8, Cu

/uao

1/ Ual

2/ Th
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Effects, Wolght Leas, mg/om?

Ag 0.16 Cu 0.9, 8.8, 0.02 T4 0.00
0.36 8.8, 0.04 Ti 0.02
8.8. 0,00 Ti-0.18
8.8, 0,02 Ti 0,10
8.8, 0.00 Ti 0,00
S.5.~0.26 Ti-0.28
S.S. 0,00 T1-0,14
0.92 8.8.-0.14 Ti 0.00
2,26 8.8,v0.12 T4 0,00
.04 Ag 0,76 Cu 1.44 S.8.-0.08 Ti-0,06
ess otherwise indicated the oxidations were performed with 25 ml of fluld with dry alr passing at the rate of 1 1/h5.
ese velues are tabulated in a separate table, Table 4.

Second Batch 25 ml Sagplo
Additive, CCL Fo., Formula, Run Terpe | Time, |Weight |Kinematlc Viscosity Change, %, | Neubtrallzation Iso~octane
Concentration, Metals Present No, % Hours Loss, 54,.5°C 7| 100°C 195°C Number Insoluble, 2/
(°F) % (130°F) | (2LPF) | (383°F) %
Diphenylguanidine, 0.05g. 1/
Ne. 161, Al,Ag,Cu,8.8.,Ti 397.8 ° 3 3.9 3.1 8.6
(500°) 48 1.1 12,1 10.7 0.8 s/
161-0.05g. ,AL,4g,0u,8.5.,T4  397.9 (500:) 2 7 5.4 4a7 3.8 0.8 1
161—0.1'?g.,’61’!Ag,Cu,S.s.,Ti 392.8 ° 48 6.3 9.6 9.1 6.8 0.6 o/
N—& r’:‘l—- (500°)
Acridine, Ne. 82, 0.10g. 397.7 ° 6 1.7 1.2 &/
A1,Ag,Cu,5.8., T4 ’ (5000) 42 1.7 6.2 5.6 45 0.6
82- 0.10g.,Al,Ag,Cu,8.8.,TL  392,7 e 48 1.3 6. 6.4 4ol 0.7 o
o -
2,2’ =Dipyridylamine,Ne, 128, o
0.10g., Al,Ag,Cu,8.8.,T1 3926 %07 48 2.5 33.5 30.8 25.7 0.7 [74
H (500%)
N I N
P
) heline o
Ne. 117,0.,10g., 392.5 207 48 3.6 32,2 27.8 22,8 0.8 74
Al,Ag,C0u,3,8,,T4 . (500°) ‘
ﬁﬂacﬂzm*z
e N
Ha H,
H H
2\0/ 2
B © :
Ne. 360,0.05g. 92.4 %0 48 2.2 23.7 20.5 17.5 0.8 v
Al;Ae,Oﬁ:S-SnTi (500%)
T O,
Ne. 300B, 0.10g., 929 %00 48 5.2 43.2 38.1 31.8 0.7 v
A1,02,0u,8.8.,T1 (500°)
Ny
N
-
jengls
Se
~2-Phanylbanzegelenszele,
Ne. 300B, 0,10g. amd
B-saluesthylnerpheline, P20 EL 48 35 sz 45T 9 0.8 v
Ne. 117, 0.05g. 500 .
AL Ag, C11,5.8. T4



TABLE 4
Behavior of Ingolubles in Oxidized F-60 Blemd

Additive, GCL Ne, and Cencentratien; Run Time Temperature _ ____ Perceptege Jugeluble
Metels Pregent Ne, Heurs *C o1y Isesctane Acetene Iseectane
¢r) ____wash wash  Precipitate
News, Al,Ag,Cu,S.S.,Ti 392.1 2, 260° 1.40 0,01 0.00 0.55
(500°)
Nene, A1,Ag,Cu,S.8.,T4 922 48 ° 0.72 0.01 0.00 0.59
(500")
Nene, Al,Ag,Cu,8.8.,Ti 397.6 48 2600 0.72 0.00 0.00 0.10
(500°)
N §'-Di-2-naphthyl-p-phenylenedianine, 8.5 48 2600 091  0.01  0.00 0.11
Ne, 260, 0.010g., Al,Ag,0u,S.S.,Ti (5007)
260 0.025g., Al,Ag,Cu,8.8,Ti 397,10 48 (2602) 1.20 0.07 0.05 0.13
500
260 0,025g., Al,Ag,0u,8.5.,T1 3984 48 260, 112 0.07 0,06 0.08
(5007)
260 0.05g., Al,Ag,Cu,S.8.,TL 392.3 48 2602 ).86 0.10 0.10 0447
(500°)
260 0.03g., Al,Ag,Cu,8.8.,T1 499.2 12 316 Not Piltersble
(600°)
¥:N'-Diphenyl-),i~benzequinenedienine, 398.10 48 260° 1.13 0.01 0.00 0.19
Ne. 352, 0,10 g., Al,Ag,0u,8.8.,T% (5000)
¥,N’-Dieyclehexyl-p-puenylenedianine, 398.9 48 aso: 1.88 0.18 0.16 0.2
Ne. 351, 0.10 g., Al,Ag,Cu,3,5.,T1 (500°)
.’ =D}~2-naphthyl-p-phenylenedisnine,
Ne, 260, 0,010g., and Diphenylguanidine, 398.7 48 260° 1.88 0.02 0.01 0.13
Ne. 161, 0,010g., Al,Ag,Cu,8.8.,TL R (500°) . . :
1-2-napht! henylened : :
Ne. 260, 0.010z. and Acridime, Ne. 82, 398.6 48 2602 1.08 0.01 0,00 0.11
0,050 g., A1,Ag,6u,8.8.,T1 (500°7) '
N,N’=Di~2~naphthyl-p-phenylenediamine,
Ne. 260, 0,005g., Actidine, Be. 82, 398.8 48 260° 0.64 0.02 0.01 0.12
0.010g. and Diphenyl gusnidine, Ne. 161. (500°)
0.005g., Al,Ag,Cu,S.8,,TL '
Dipheaylguanidine, Ne. 161, 0.05g. 397.8 48 260° 0.89 0,00 0,00 0.13
A1,Ag,Cu,8.8., T4 (500°)
161 0.05g., Al,Ag,Cu,8.5.,Ti 397.9 2, 260° 0.91 0.02 0.01 0.36
{500°)
161 0.10g., 41,Ag,0u,8.S.,T1 92,8 48 260° 0.98 0.02 0,02 0.59
(500°)
Ne. 82, 0.10g. 3977 48 ° 0.68 0.00 0.00 0.08
A3,4g,Cu,5.8,,T1 ‘ (500°)
82 0,10g., Al,Ag,Cu,8.8.,Ti 3927 48 260° 1.82 0.0L 0.00 0.70
(500°)
= s, No. 128, 392.6 48 260° 0.78 0.01 0,00 0442
0.10g., Al,Ag,Cu,8.5.,Ti (500°)
E-Amineothvlmerpheline, Ne. 117, 392.5 48 ° 1.27 0.02 0.00 1.67
0.10g., Al,Ag,Cu,S.S.,Ti (500°)
poAninediphenyladine, Ne. 360, 3924 4B 200 0.82 - 0.03 0,02 0.52
0.05g., Al,Ag,Cu,5.5.,T4 (500°)
2-Phenv]benzegelenazele, Ne. 300B, 92.9 48 X 0.75 0.00 0.00 0.51
0.10g., Al,Ag,Cu,S.5.,T1 (5007)
2-Phenylbenzegelenazele, Ne. 300B, o
0,10z, and J-aainoethylmerpheline, 392,10 48 . 260 1.54 0404 0.03 0.08
Ne. 117, 0,05g., Al,Ag,Cu,S.S.,Ti (500°)
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Table

Oxidativns in Fluid F-50 Sample 25 al
ample .

Goncentration, Nelals Frosent | Nov fg”’; Houns ”f,;i’;? %ﬁ“ﬁ”ﬁ b ii‘;;iﬁﬁi:fg/
Neno, Al,Ag,0u,8.8.,T4 1/ 296.1 (g:) 2 31 439.0  415.0 572.0 0.9 Y
Nene, Al,Ag,Cu,5.5.,T1 397.1 (;aggg) 24 543 N.M. N.M, b/
Nene, Al,Ag,Cu,8.S.,Ti 396.2 (;aggg) 48 10.4 N.M, N.M. e/
Neno, A1,Ag,Cu,8.8,,T1 409.5 316 12 6.3 209.0  196.0 193.0 0.9 Y
Gas Flew 95% N; 5% 0, (600°)
N;N’-Di-2-naphthyl-p-pheryleme- o :
s R SR 7 R v
260 0.020g., AL,Ag,CuyB8.84,T1  404.2 (%2) 48 2.6 ( 512:33)2/ (232..;7) 19.8 0.8 F 4
260 0.025g.,41,Ag,Cu,8.8.,T1 396.3 (gggg) 43 i'; ;:’g , ’J’.’J; 8. 0.5 »
260 0.025g. ,A1,Ag,00,8.8.,T4  396.4  260° 6 1.1 2.3 1.3

(500°) 48 2.5 8.4 7.7 7.8 0.6 'V

(*)

260 0.02ég.,u,Ag,Cu,S.S.,T1 396.5 éggo) %g g:z 1522 g:; . 0w N
260 o.ozsg.,u,Ag,cu,s.s.,m 396.6 (gaggg) 2, 1.7 bt 3.9 4e3 0.4 Vv
%0 0.025g.,M1,4g,Cu,8.8.,T4  397.5 (gggg) 48 3.0 9.9 9.1 8.3 0.6 - %4
260 0.030g. ,AL,Ag,Cu,8.5.,74  402.1 (;aggg) 6 1.7 2.2 2,0 1.7 0.4 v
260 0.030g. )AL, Ag,0u,8.5.,TL  482.2 éggg) 12 1.3 3.0 3.3 2.3 0.5 Y4
20 0,030, ,A1,Ag,01,8.5,,T4  402.3 (gzggz) 18 1.9 4.6 3.9 3.1 0.5 v
260 0.030g.,AL,Ag,Cu,8.5.,TL 4024 (ﬁg) 2, 1.9 5.5 4.8 3.5 0.6 o/
260 0.030g. ,Al,Ag,Cu,S.8,,T1 402,5 (%g) 30 2.4, Tod 6.6 6.1 0.5 Y4
260 0,030g.,A1,Ag,04,8.8,,T1 402.6 (?832) 36 2,7 9.1 8.4 8.0 0.5 ¢/
260 0.030g. ,41,Ag,0u,8.8,,T4 402.7 (%:0) 42 3.3 1.4 10.5 10.5 0.6 1Y
260 0.030g.,A1,Ag,Cu,8.8,,T4  402.8 (gaggg) 48 2.5 38.0 34.2 3442 0.8 s
260 0,030g.,A1,Ag,C0,8.8.,TL 4043 (gggg) 48 2.2 éé’:é’):/ , 1110..25) 10.6 0.7 t/
260 0.030g.,A1,Ag,0u,5.6,,T4  402,9 (ﬁg) 54 43 & 80.5 81.3 0.6 V4
260 0,030g.,A1,Ag,0u,8.8.,T4 402,10 (59882) 60 3.6 89.3 82,0 80.5 0.6 v
2‘62 giggog;ﬁ;ugguai.s.,n 409.6 (gcl)gg) 12 47 90.5 89.0 . 88.5 0.9 74
260 0.040g. }AL,A2,0u,5.5., T4 404us (5002) 48 1.5 (23.(;7) ¥ 25.81) 7.2 0.7 P
260 0.050g.,A1,Ag,0u,8.8.,T4  400.1 (5002) 3.2 11.8 10.9 10.0 0.6 v

SOREaeS

Metal Effects, Welght Less,mg/cm?
#/A1 0,50 Ag 1,04 Cu 1,78 8.5, 0.04 T1 0,02

B/AL 0,10 Ag 0,08 Cu 1,16 8.8, 0,08 T4 0,00
9/A1 0,28 Ag 1,02 Cu 2,08 8.8, 0,06 T1 0.00
d/A1 0,02 Ag 0,02 Cu 0,18 8.8, 0,32 T4 0.00
#/A1 0,06 Ag 0,08 Cu 0.46 8.8, 0,04 T1 0.16
£/A1 0,00 Ag 0,00 Cu 0.42 8,8, 0.04 Ti 0,12
© /A1 0,20 Ag 0,56 Cu 1,12 8.8, 0,14 T1 0,10
b/ 41 0.06 Ag 0.42 Cu 1,02 8,8, 0,08 T 0,06
1/A1 0,08 Ag 0.22 Cu 0,80 8.3, 0.02 Ti 0,00
4/A1 0.06 ag 0.42 Cu 0.76 S.8. 0.00 T1 0.00
k/AL 0.12 Ag 0,04 Cu 0,74 S.8. 0,06 T1 0.06
4/A1 0,00 Ag 0,02 Cu 0.1 8.8, 0,02 T1 0.00
B/AL 0.06 Ag 0,08 Cu O.44 S.8. 0,08 T1 0,02
B/AL 0,06 Ag 0.14 Cu 0.56 8.8, 0,04 Ti 0,02

8/A 0.02 Ag 0,08 Cu 0.7, S.S8. 0,10 T4 0.06
.M. Tos viscous for measurement.

1/ Unless otherwise indiceted the oxidations were performed with 25 ml of
2/ These values are tabulated in a separate table. N
Ses second paragraph of Page 8 for explsnation of paremthesis.
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Motal Effocts, Weight Less, mg/cn?

2/A1 0.00 Ag 0.20 Cu 0.74 S.8.

0.06 T4 0,04

9/A1 0.02 Ag 0,10 Cu 0.76 S.8., 0,02 T1 0.12
/AL 0,02 Ag 0,10 Cu 0,72 5,8, 0,04 Ti 0.00
2/AL 0.02 Ag 0.2 Cu 0.6 5.8, 0.02 T1 0.04
/A1 0.14 Ag 0,00 Cu 0.50 8,8, 0.00 T4 0.10
WAL 0.02 Ag 0.20 Cu 0.58 8.8, 0.06 Ti 0.02
¥/AL 0.02 Ag 0.20 Cu 0.42 S.S. 0,06 T1 0.02
¥/AL 0,14 Ag 0.10 Cu 0.3 §.S. 0.34 T4 0.0/
Z/AL 0.02 Ag 0,06 Cu 0,58 S.S, 0.02 Ti 0.06
/A1 0,16 Ag 0,00 Cu 0.5 §.8. 0,12 Ti 0.00

fluid with dry air passing at the rate of 1 1/hr.



LSS

" 1/ Unless otherwise indicated the oxidations were performed

2/ Thege values are tabulated in a separate table.

See second paragraph of Page 8 for expianation of parenth
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Teble 5 . Oxidatiens in Fluld F-50 (Cent’d)
Sample 25 ml.
Additive, CCL No., Formila Run Temp, | Time Weight |Rinematic Viscosity Chan 6 Neutrallzati 1so~ t
Concentr;.tion, Me':,als Pres:ant No. gC Hour; Lois, W—Eﬁl—%— o ;umber o0 I::o;ib;.:f g/
(°F) % (130°F) | (22°F) | (383°F) %
m’—mmu—.—:whzgﬂslt
dlamine, Ne. 260 (cent’d o :
260 0,050g., AL,Ag,Cu,S.8.,T1 4045 o 48 2.9 10,4 97 9.7 0.7 s/
(5002) (26,70 (9.9)
260 0,050g. ,A1,Ag,0u,8.8,,T1 406.1 25 48 z1 7.7 7.5 7.1 0.4 194
500 .
260 0.075g+,A1,Ag,C0,S.8., T4 404s6 2600 48 2.6 8.8 8.0 8.2 0.5 < of
» (500°) (26.5)3/ (7.5)
260 0.10g. ,A1,Ag,Cu,8.8.,T1 04T 260° 48 1.7 7.8 7.6 6.7 0.7 a/
(500%) (24.0)3/ (7.7) :
260 0,15g.,A1,Ag,Cu,S.5.,TL 4048 260° 48 2.0 10.2 9.4 9.4 0.6 of
: (500°) (26.4)3/  (9.4)
260 ‘0,208, yAL,Ag,Cuy3eSe, T 400.5 (260‘;) 48 3.7 13.6 13.0 10.0 0.6 =74
500 ~
260 0.20g.;A1,A8,Cu,S.84,T4 e 2) 48 3.6 10,4 103 8l Ol &
500
260 0.40g.,ALl,Ag,Cu,S.8.,T1 406.3 zsog 48 3.6 11.3 10.3 9.8 0.3 v/
Dl thyl-3-chlore- o :
henyl )-p-phanyleaedismine 398.2 48 '5.,0 NoM. 0.8 Y
Ne. 350, 0.010g. (500°)
A1,Ag,Cu,S.8.,T4 o
350 0,030 g.,A1,Ag,Cus8.8.,T1  398.1 260 47 181.0 167.0 164.0 0.8 57
H3 " (500°) '
O .
CHy ¢O
’ D1~ hthyl-p-phenylene—
dlamine,Ne. 260, 0.025g., and  400.7 0 48 Lok 23.5 21.8 20.5 0.8 94
Aeridine, Ne. 82, 0.025¢. (500°)
Al,Ag,C1,8.S.,TL
dianine,Ne. 260, 0.050g. and 400,9 200 48 4ol 15.9 13.9 13.3 0.8 Vv
Ne. 141,0.005g. (5007)
AL,Ag,Cu,S.8.,Ti
260 0,010g., 141 0.010g. 404410 2602 48 3.5 130.0 120.0 111.0 0.7 n/
A1.Ag,Cu,5.8.,T4 (500%) (166.0)3/ (134.0)
260 0.050g., N-Amineethyi- °
Fe. 117, 0.005g. 400,10 260, 48 4s0 3hedh 38.3 36.8 0.8 v/
A1,Ag,Cu,8.5.,T1 (5007)
NN’ <Di-2-naphthyl-p-phenylene~
diamine, Ne. 260, 0.010g., N .
Acridine, Ne. 82, 0.010g. and  400.8 260/ 48 23.9 N.M. N.M. o
idine, No. 161,0,010g. (500°)
A1,47,Cu,8,8.,T4
M N’ =Di-2-naphthyl-p-phenylene-
diamine, No, 260,0.010g., 2500 48 6 o
Apridine, Ne. 82, 0.010g. 404,.9 0 3.7 70,0 4,40 59,8 0.9
ll-zhanxlmmholﬁ,m .1, (500°) (93.5)3/ (63.5)
0.010g., Al,Ag, Cu,S.8.,T1
) Metal Effacts, Weight less, ng/cn’
a/ A1 0,02 Ag 0,04 Cu O.44 S.S. 0,00 Ti 0,00
b/ Al 0.42 Ag 0.48 Cu 1,08 5.5, 0,16 T1 0,04
o/ Al 0,00 Ag 0.02 Cu 0,82 S.S, 0,00 T4 0,00
d/ 1 0,02 Ag 0,02 Cu 0.90 3.8, 0,02 Ti 0.02
@/ Al 0,02 Ag 0.02 Cu 0,72 S.S. 0,00 Ti 0,00
%/ 110,30 Ag-0,32 Cu 0.38 8.8,-0.18 Ti-0.34
g/ Al 0.32 Ag 0,38 Cu 1.28 8.8, 0,24 Ti 0.10
b/ A1 0.28 Ag 0.34 Cu 1.18 S.8. 0.34 Ti 0.04
1/ A1 0.04 Ag 0.50 Cu 0,90 S.S. 0.02 Ti 0,02
i/ A1 0,06 Ag 0,02 Cu 1.26 S.S. 0.00 Ti 0,02
&/ A1 0.02 Ag 0,10 Cu 0,00 S.5. 0.00 Ti-0.28
1/ Al 0,06 Ag 0.02 Cu 0,30 S.S. 0,00 Ti 0.00
»/ Al 0.02 Ag 0,10 Cu 0.46 S.S, 0,02 Ti 0.02
B/ A3=0.2, Ag 0,02 Cu 0.78 S.8.-0.12 Ti 0.00
o/ A1-0.2, Ag 0.56 Cu 1,88 S.S. 0.02 Ti-0.26
o/ Al 0.02 Ag 0,14 Cu 0.70 S.S. 0.02 Ti 0.02
N.M. Teo viscous for measurement,

with 25 ml of fluld with dry air passing at the rate of 1 1/hr.




Table 5. Oxidations in Fluid F-50 (Cent’d)

. Sample 25 ml )
Additive, GCL No,, Formula T Tam Temp,” | Time Weight [Kinematle Viscosity Change, %, ] Neutrallzatlon | Iso—ootans
Concentrétion, Metals Present No, gc Hour; Loss, 54,.5°C ] 100°C 1959¢ Number Insoluble,2/
(°r) % (130°F) | (212°F) | (383°F) %
%mm:.zummiué Ne. 161 v . 250° 6 6.5
«05g., Al,Ag,Cu,8.8.,T4 396,13 3 2.6 b .
TR (500°) 42 57 501 47 45.0 0.8 o/
161 0.05g.,41,Ag,Cu,8.8.,T1 397.3 2607 3 1.5 6.6 7.3
. (5000) 48 3.5 232,0 217.0 24,6.0 0.9 174
161 0,10g.,41,Ag,Cu,S.5.,T1 6.1, 2605 3 1.7 7.9 8.2
' (5007) 48 2.6 19,2 18.3 19,3 0.6 e/
161 0.05g.,AL,Ag,0u,5.8.,T4 296,11 ( g) 2, 2.2 15.4 15.0 15.0 0.7 &/
500"
161 0.05g.,41,4Ag,Cu,8.8.,T4 397.4, ( :) 2, 2.8 16.4 15,7 15.9 0.6 o/
500
161 0.10g.,41,Ag,Cu,8.5.,TL 396.12 (260‘;) 2, 2.9 15,7 14,0 1.3 0.2 94
500!
161 0.20g.541,4g,Cu,8,8.,T4 400.6  260°° 48 be? 26,0 25,6 25.6 0.5 g/
n NH i (500°) ;
g0
Acridine, Ne. 82; 0.05g., 400,2  260° 48 4.0 2.6 25.1 23.4 4.0 4
A1,A8,Cu,S.5,,T1 (500°)
82 0.05g.,41,Ag,0u,5.8.,Ti 406.4, (zsog) 48 3.2 19.4 17.8 16,7 0.8 Y,
500
82 0.05g.,A1,Ag,Cu,8.5.,T1 409.10 316° 12 6.3 172.5 164.5 166.0 1.1 v
Gas Flow ~ 95% N, 5% 0, (600°)
82 0.075g., Al,Ag,Cu,S.S.,T1 406.5 (aeog) 48 34 19.3 18.4 17.5 0.6 X/
500
82 0.10g.,41,Ag,04,8.8.,T1 396.7 ° 3 2.0 2.1 244
(500°) 48 3.0 18.5 17.5 16.7 0.7 v
82 0.10g., Al,Ag,0u,S.8.,Ti 6.8 2%0° 6 2.3 3.6 2.8
(500%) 48 3.6 37.9 34.6 33.3 0.8 n/
82 0.10g.,Al,Ag,0u,8,5.,T1 397.2 o 6 1.5 3.2 2.8
(500) 48 . 1.3 2.5 19.3 18.9 1.0 Y4
82 0.10g., Al,Ag,Cu,S.8.,T1 396.9 (zsoo) 2, 0404 9.9 8.9 8.8 0.5 o/
500
82 0.20g.,A1,Ag,Cu,8.8.,TL 400.4 ( g) 48 4e5 65.8 60.8 55.8 1.0 /
500
N
Mo¥ans Bads, No. 378, o
0.05g., 41,4g,C4,8,5.,Td 406.6 (2600) 8 3.1 15.6 1.5 13.5 0.8 74
500 :
0.075g. ,AL,Ag,0u,S48.,T1 406,7 : g) 48 3.0 10.5 10.6 9.0 0.6 v/
00!

aY
-

Metal Effects, Welght Loss, mg/cm2
#/ Al 0.06 Ag 0,50 Cu 1.02 S,5. 0,02 T4 0,02
b/ AL 0.12 Ag 0,40 Cu 1.54 5.8, 0,22 TL 0.16
¢/ A1 0,04 Ag 0,30 Cu 0.90 S.S. 0.02 T4 0.00
4/ A1 0.02 Ag 0,12 Cu 0.82 S.S. 0,02 T1 0,00
e/ AL 0.14 Ag 0,20 Cu 1.04 8,S. 0,10 T1 0.08
© £/ Al 0.0, Ag 0,22 Cu 0.60 S.S. 0,00 T 0.00
g/ 41-0,2, Ag-0.10 Cu 0.58 S.S.-1.76 730,28
b/ A1-0.12 Ag 0.00 Cu 0,08 §,8.-0,16 T1 0.00
1/ AL 0,46 Ag 0.54 Cu 0.96 S.S. 0,22 T4 0.22
1/ A1 0,32 Ag 0.0/ Ou 0.3, S.8. 0.10 Ti 0,00
K/ AL 0.42 Ag 0,36 Cu 1,28 8.8, 0.2, Ti 0,10
- 1/ A1 0,02 Ag 0,62 Cu 0.88 S.8. 0.00 Ti 0.00
n/ Al 0.04 Ag 0.72 Cu 0.92 S.S. 0,02 T4 0,02
B/ Al 0.10 Ag 0,22 Cu 0.66 S,S, 0.16 T1 0.16
o/ AL 0.12 Ag 0.2} Cu 0,90 S.S, 0.00 Ti 0.00
B/ AL 0.14 Ag 0,16 Cu-0.06 S.5.~0,14 T4~0. 2/
a/ Al 0,30 Ag 0,20 Cu 0.78 §.8. 0,06 Ti 0.06
&/ AL 0.22 Ag 0,16 Cu 0.68 5.5, 0,14 Ti 0.0/

1/ Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rate of 1 1/hr.
2/ These velues are tabulated in a separate table, Table 6,
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Oxidatiens in Fluid F-50 (Cent’a)

Table 5 . i
Sample 25 ml
Additive, CCL No,, Formula, Run Temp, Y Time, [Weight |Kinematic Viscosity Chanpe, %, | Neutrallzation | iso-octans
Concentration, Metals Present No, gC Hours | Loss, 54.50C*} 100°C 1959C Number Insoluble, 2/
(°F) % (130°F) | (A°F) | (383°F) %
2,2'=Dipyridvismiue. 0.05¢. L/ 409.8 3162 12 5.0 7.7 70.0 V%0 1.3 s/
A1,Ag,0u,5.5.,T4, Ne. 128 (600°) .
Gez Flew 95% N, 5% 0,
H
2 l N
N
0 .
N-Phenviaerpheline, 0.10g. 406,10 o 48 4ol 170.0  158.0 145.0 0.6 b/
A1,Ag,C,S8.5.,T1, Ne., 141 : (500°)
hte
(O
Ho Wy
- Ne. 383, 9.9 36° 12 5.2 149.0 1440 144.0 1.2 o/
0.05 gay Al,Ag, Cu,S.8.,Ti (6000)
Gas Flow 95% N, 5% oz
mmm.pnmma. No. 360, 396.10 260° 24 1.6 5.6 5.6 6,0 0.6 &/
o 10g.,Al,Ag,0u,S.5.,Ti (500°) .
0.05g. Al,Ag,Cu,S.S.,T4 499.7 316 12 3.6 98.0 99.5 99.0 0.9 I
Gas Flow 95% N, 5% 0, (600°%)
Shem
henylmer: o
teluene, Ne. 372, 0.20 ml. 406,8 260 48 3.6 31.2 28.8 19.0 0.6 4
41,Ag,01,5.5.,74 (500°)
<, :
;e
uhhm:n?mw o
Tech., Ne. 356, 0,10g. 406,9 260 48 25,2 N.M. N.M, 74
Al1,Ag,Cu,S8.8:,T1 (5007)
(O], s
3
Metal Effects, Weight Less, mg/cm?
g/ A1 0.28 Ag 0.04 Cu 0,70 S.5. 0,36 Ti 0.02
b/ Al 0.76 Ag 0,10 Cu 0,78 S.S. 0,06 TL 0.08
¢/ Al 0,06 Ag 0,10 Cu 1,06 S,S. 0.60 TL 0.00
d/ AL 0,0/ Ag 0,38 Cu 1,08 S.S. 0.02 T4 0,00
@/ Al 0,10 Ag 0,02 Cu 0.28 8.5. 0,44 Ti 0.02
£/ Al 0,22 Ag 0,26 Cu 2.88 $.S, 0.08 Ti 0,06
g/ Al 0.38 4g 0,08 Cu 2,18 .S, 0.02 T1 0.04
N.Me Too viscous to measure,
1/ Unless otherwise indicated the oxidations were performed with 25 ml of fluid with dry air passing at the rate of 1 1/hr.
2/ These values are tebulated in a sepsrate teble, Table 6.
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TABLE 6
Behavior of Insolubles in Oxidized F-50 Blend

Additive, °§£‘tﬂ; ;:gs‘c::outntin . :\)n.a le.oi::s Tc!g;rlt\r‘. 011 Isesctame Acetene Iseoctame
(°F) hagh Mash . Pragipitate
Bens, 41,4g,Cu,8.5.,T1 396.1 2, (gggg) 1.03 0,03 0.03 Q.00
Nene, A1,Ag,Cu,8.5.,T1 M1 % (%ﬁ) Gel.
Hene, 41,1¢,Cu,8.8.,T1 396.2 48 (%3) Gel .
Bene, Al,Ag,Cu,S.8.,T1 : 409.5 12 316° 5.86 0.42 0,30 10,00
(600°) .
3D 2 oo 4041 48 260° 0.41  N.D. N.D. 0.09
Ne. 260, 0.010g., Al,Ag,Cu,S.S,,T4 (500°)
260 0.020g.,A1,Ag,0u,8.8.,T1 4042 48 (gzggz) 0.81 0,02 0.02 0.2
260 0.025¢. ,A1,Ag,Cu,8.8.,T1 396.3 48 (%g) 0.62  0.03 0.03 0.08
260 0.025g. ,A1,Ag,0u,5.8, ,T4 396, 48 (?ggz) 0.7 0.04 0.03 0.31
260 0.025g.,41,4g,0u,8.3.,T4 396.5 48 (%g) 0.66 v.03 0.03 0.09
260 0.025g. ,41,Ag,0n,8.8.,T4 396.6 2 (%g) 1,13 0.04 0.04 0.20
260 0,025g. ,A1,Ag,00,8.85.,T4 975 48 (?882) 0.70 0,02  0.01 0.2%
260 0.010g. ,A1,Ag,Cu,8.8.,T4 398.3 48 (?882) 0.76  0.01 0.01 0.12
260 0.03g., Al,4g,Cu,8.8.,T4 402.1 6 (gg) 0.92 0,00 0.00 0.8
260 0,03g., Al,Ag,Cu,8.8.,T4 402,212 (?ggg) 247 0.05 0.03 0,28
260 0.03g. , -Al,Ag,0u,8.8. ,T4 4023 18 260° 1.5 0,02 0,00 0.19
"260 0.03g. ,Al,Ag,Cu,8.S. ,T4 4024 24 :%E’; .41 0.02 0.00 0.15
260 0.03g.,A1,Ag,0u,8.8,,T4 402.5 30 2607 1.09 0,01 0.00 0.21
260 0.03g.,Al,Ag,0u,8,S.,T1 402,636 (gggg) 1.39 0.0 0.00 0.23
260 0.03g.,41,4¢,0u,5.8.,T1 v 402.7 42 (ggg:) 1.48 0.00 0.00 0.11
260 0.03g.,A1,Ag,C4,8,8,,T1 402.8 48 (%:) 1.66 0.0 0.00 0.14
260 0.03g. ,Al, Ag,Cu,S,8.,™ 4043 48 :%:; 0.59  0.03 0.03 0.43
260 0.03g.,A1,4g,0u,8,8.,T4 4029 5 (?88:) 1.08  0.00 0,00 0.2
260 0.03g.,A41,Ag,Cu,8,5.,T4 402,10 60 (?882) 1.69  0.00 0,00 0.09
260 0.03g.,A1,Ag,Cu,S.8.,T1 409.€ 12 (2382) 4e20 0.29 0,22 5.7
260 0.04g.,A1,Ag,0u,8.8.,T1 4044 48 (;aggg) 0.92 0.08 0.01 0.55
260 0.05g.,A1,Ag,Cu,8.8,,T1 400,31 48 (ﬁ) 0.92 0.02 0.02 0.34
260 0.05¢g.,41,Ag,Cu,8.8.,T4 4045 48 2607 1.3  0.03 0.01 0.57
260 0.05g.,41,4g,0u,8.5,,T1 406,1 48 (%g) 0,62 0.04 0,02 1.28
260 0.075g. ,41,A¢,0,8.5. ,T1 4046 48 ::aggg; 0.80  0.00 0.00 0.57
260 0.10g,,A1,Ag,0u,8.8, ,T4 4047 48 (gggg) 1.03  0.06 0,05 0.60
260 0.15g. ,A1,4g,Cn,8.5.,T4 4048 48 (?gg:) 1.53 0,22 0,16 0,63
260 0.20g, Al,Ag,Cu,8.5.,T1 400.5 48 (g:aggg) 1.82 0.01 0.00 0.2
260 0.20g.,41,Ag,0u,8.5.,T1 406,248 (Egg:f) 1.2 0.42 0.40 1,75,
260 0.40g.,A1,Ag,Cu,S.S. ,T1 406.3 48 (?88:) 2.40 1.33 1.33 2.6
No.’ESO, o.010¢.,Z1:Ag,0u,s.s.,n : w28 (?gg:) ot Fidteradle
350 0.030g.,Al,Ag,0u,8.5.,T1 398.1 48 (gggg) 0.93 0.01 0.01 2,56
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Table 6, Behavior of Insolubles in Oxidized F-50 Blend,

(Cont’a)

_Additive, CCL Ne., and Cemcemtratien Run Time Temporature ere e e
Metals Present Ne. Heurs 20 011 Iseectane Acetens Iseoctane
(R Wash __ Wash Preciplitate
H,N’-Di-2-naphtiyl-p-phanyl snedisnine,
Ne. 20, 0,025, and Acridine, Ne. 82, 400.7 o L35 017 0.6 0.25
0.025¢., Al,Ag,Cu,8.S.,Ti (5007) :
S 4 b - o .
Ye. %, o.o!50¢., and N-Phenylmorpheline, 400.9 48 260 0.91 0.02 0.00 0.29
Ne. 141, 0.005g., Al,Ag,Cu,S.8.,Ti (500%)
260 0,010g. aad 141 0.010g. 404,10 248 ° 1.66 0.00 0.00 0.15
A1,Ag,Cu38.8.,T1 {500°)
.— -
Ne. 260, 0.010g., Acridime, Ne. 82, 400.8 48 2600 Gel
0.010g., and Diphenylgusnidine, Ne. 161, (500°)
0.010g., Al,Ag,C%,5.S.,Ti
Nuli’—Di-2-naphthyl-p-phenylenedisnine, o :
Ne. 260, 0.010g., Acridine, Ne. 82, 404,.9 48 260 2,02 0.02 0.02 . 0.16
0,010g., and N-Phanylasrpheline, Ne. 141, (500°)
0.010g., Al,Ag,Cu,S.S.,T1
*—Di-2-naphthyl-p-phenylenedismine o
Ne. 260, and N-Amineethylmerpheline, 400,10 48 2600 Lo44 0.1, 0.12 0.14
Ne. 117, 0.005g. (5007) ’
Diphenylguamidine, Ne. 161, 0.05g. 396.13 48 2609 0.99 0.02 0.01 0.83
A1,Ag,Cu,8.5.,T1 - (5007)
161 0.05g., Al,Ag;Cu,S.5.,T1 397.3 48 (2602) 0.89  0.02 0,01 0.26
: 500
161 0.10g., Al,Ag,Cu,S.5.,T1 396,14 48 (?888) 2,33 144 1.43 2.22
161 0.05g. AL,AZ,Cu,S.5.,T1 396,11 2 ( g) 1.00 0.04 0.04 0.28
500
161 0.05g. Al,Ag,Cu,S.S.,Ti 397.4 2 (gggg) 0.53 0.02 0.01 0.18
161 0.10g.,41,Ag,Cu,S.5.,T4 39612 2 (ﬁg) 0.87 - 0,04 0.03 1,34
161 0.20g.,A1,Ag,Cy,S.5.,TL 400.6 48 ° 0.93 0.06 0.04 0.32
: (500°)
dcridine, Ne. 82, 0.05g. 400.2 48 2603 1.22 0,00 0.00 0.13
A1,Ag,Cu,S.5.,T1 (500)
82 0.057., Al,AZ,Cu,S8.5.,Ti 4064 48 (2602) 0.56 0.00 0.00 1.92
500 :
82 0,075g., Al,Ag,Cu,5.8.,T1 £406.5 48 (2603) 0.66 0.00 0.00 1.79
500
82 0.10g. ,A1,Ag,Cu,S.S.,T4 396.7 48 (zeog) 0.77 0.02 0.01 0.15
500
82 0.10g. ,A1,Ag;Cu,5.5. ,T1 396.8 48 (zeog) 0.7 0.02 0.01 0,10
500
82 0,10g., Al,Ag,Cu,S.S.,Ti 397.2 48 260‘;) 0.66 0.03 0.01 0.52
500 .
82 0.10g., Al,Ag,Cu,5.8.,Ti 396.9 2, (zeog) 1.03 0.03 0,01 0.10
. 500
82 0.20g., Al,Ag,Cy,S.8.,T8 40044 48 (iggg) 1.37 0.02 0.00 0.16
82 0.05g., Al,Ag,Cu,S.8.,T1 409.10 12 3162 482  0.36° 0.2 351
(€00"}
Morgan’s Base, Ne. 375, 0.05g. 406,648 2607 0.62  0.02 0.00 2,70
41,45,Cu,5.8.,T1 (5007)
No. 375 0.075g., il,Ag,Cu,5.5.,T1 406.7 48 zeoz 0.96 0.05 0.01 3.8
(500°)
?) lio. 123, 0.05g., 409.8 12 31€° 3.68 0,41 0.8 6.83
A1,Ag,C4,5.8.,Ti (600°)
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'Table 6, Behavior of Insolubles in Oxidized F-50 Blend. (Cont’ d).b

Additive, CCL Ne., and Cencentratien Run Time Temperature
Metalg Present No. Heurs gc 011  Iscectane  Aceteme Isesctane
(r) Wegh . t
N-Phenylmerpheline, Ne. 141, 0.10g. 406.10 48 2602 1.38 0,01 0.00 M
41,Ag,C,8.5.,T1 (500°)
i-2-naphthylaaine, Ne. 383, 0.05g., 409.9 12 316 4ed0 0,36 0.28 2,69
A1,Ag,Cu,8.5.,T1 (6007}
peininedivhenylanine, Ne. 360, 0.05g. 409.7 12 316° .9 0.36 0.28 3.68
AL,Ag,Cu,S.8. 11 ’ (600%) 4
360 0,10g., Al,Ag,Cu,S.S.,TL 396.10 24 260: 1.23 0.13 0.13 0,10,
(500°)
heyl mer ~toluene, No. 372  406.8 48 260° .27 0,00 0.00 5,41
0.20g., Al,Ag,0u,S.S.,Ti (500°)
Iriphenyl-p-pheaylylsilene, Tech.," 406,9 48 o Gel
e, 356, 0.10g., Al,Ag,Cu,S.S.,Ti (500°)
WADC TR 53-293 Pt VIII : ‘ 34




-

TABLE 7
Oxidatiens in G. B. Silicome Fluid Ne. 81406 (um 53=446)
25 nl, Sample
~Additive, CCL Wo., Formila, Tan | Temp. ] Time, |Weight |Kinematic Viscoslty Chanze, %, | Neutrailzation | 1so-octan
concentt;tion, Metals Present No. gG Hour; &»ss, 54.50C %] 100°C 0 19§°C ‘ ;umber " Imﬁblef
(°rF) % (130°F) | (2PF) | (383°F) | %
Neme, No Metals 2/ 338.5 aso: 2% 3.2 76 n H.Ds 0,8 0.1
(500")
None, Vo Metals ¥/ 339.5 zsog 48 5.1 gelid N.M, N,
~ (500°)
Nene, Fo Metals 3/ 335.2 (agz) 12 23 50 4 2.2 0,1
Nene, A1, Ag, Cu, B8, TL 3/ 338.9 (;aggg) 3ok 93 87 0.8 0.02 o/
Neme, A1, Ag, Cu, 8.8.,74 2/ 339.9 (ﬁg) 229  Selld NN, M, B/
Nens, Al, Ag, Cup 8.8.,7 2/ 335.3 (%gg) 12 346 82 ” 3.1 0l g/
’" )
I n:zi.l:pggvl—n-ph-ﬂm-
NH- NH=~Z
SANe
06005 goy AL, AgyCuyBe8e,TL 2/ 349.5 (%:) 2, 21 16 15 16 1.0 0,02 &/
04005 gey AL, Ag,Cu,8.8,,T1 1/ 355.1 (%‘;) 2, 3.5 50 4 53 3.5 0,00 o/
04005 go, A, 4g,0u,8.8.,T1 2/ 349,10 ﬁg) 48 28 3 2 30 1.0 oL ¢/
0,01 gop A1, £8,00,8.8.,74 1/ 355.2 2600 2% 22 19 18 18 22 0,02 g/
‘ (500°) : .
0025 gey 41, £g,00,8,8.,74 1/ 355.3 (gﬁ) % 1.3 4 4 3 1.3 1.1 W
04025g., A, Ag)0u,8.8.,74 3/ 355.5 (%‘)’ 48 502 12 n 9 5.2 0.6 &
04025 g.,A1,Ag,Cus880,TL 32/ 350.9 (63(1,32) 12 49 m 108 NM. 1.6 WY/
04025 g, Al,Ag,Cu,8.8.,7 2/ 350.10 (63%3‘;) 2% A4S 985 N.Do N.M. 1.1 0,20 &/
04050 gy Al,Ag,Cu,8,8,,T1 ],/ 355.4 (gg) 2% 1.9 5 5 4 1.9 0.7 y
0,050 [ ¥ u’“’cu,s'snyri 1/ 355.6 (g:) 48 2.5 9 9 7 225 5.0 v
0,050 g, Al,Ag,Cu,8.8.,74 1/ 357.1 2600 48 3.1 12 12 0.6 0.08
(puritied Ne. 260) (500°) ? v
0,050 gey Al,AR,Cu,8.8.,T4 L/ 357.2 (gg) 48 27 12 12 10 0.7 012 o/
Gas Mlev 1/hr. - - )
%Gunovl/hr. -95%“2- 5% 0
. Metal Effsct, Weight loas, mg/cm? Metal Effect, Weight Loss, Mg/om? Metal m.ct,w.uht Loss,
a8/ A1 0,34 Ag 1,10 Cu 0,96 S.8. 0.50 T4-0,08 2/ A1 0,26 Ag 0,52 Cu 0,9 8.8, 0,26 T 0,10
b/ Al 0,18 Ag 1.22 Cu 2,96 8.8, 0,74 T4 0,00 2/ AL 0,18 Ag O.44 Cu 1,58 8,8. 0,10 T4 0,05, n/ Al 0,04 Ag 0.18 Cu 0,96
¢/ Al 0,88 Ag 0,54 Cu L.40 S.8. 0,88 T1 0,12 B/ A1 0.12 Ag 0.42 Cu 1.24 8.3 0,34 T1 0,16 8484 0,08 T1 0,14
4/ Al 0,04 Ag 0,36 Cu 0,84 8.8, 0,04 Ti 0,00 1/ 41 0,06 Ag 0,28 Cu 1,06 8.8, 0,04 T4 0,02 9/ AL 0,20 Ag 0.48 Cu 1,48
o/ Al 0.10 Ag 0,46 Cu 0,94 8.8, 0,16 T4 0,12 1/ A1 0.2, Ag 0.58 Gu 1,00 8,8, 0,66 T4 0,08 8.8. 0,14 T4 0,04
X/ Al 0,18 Ag 0,30 Cu 1.2 8.8, 1,04 Ti 0,02
1/ A1 0,04 Ag 0,36 Cu 1,38 8,8, 0,00 T4 020,
8/ Al 0,08 Ag 0,16 Cu 1,30 8,8.,=0,04 TL 0,04

N.D. BNot Determined.
NeM. Roo Viscous for measurement, .
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Table 7

+ Oxidations in G. E. Silicone Fluid No., 81406 (MLO 53-446) (Cont’a)

WADC TR 53-293 Pt VIII

25 ml Sample,
AddItIve, CCL Ne., Formuls Hun Temp, | TIme Weight [Kinematyec Vig sity C Neutrallzeti I tan
concentr:’ition, Me;.als Pres;nt No. gC Hour; fngs, 54-5°C?' 188°C &T%SEE“ o :;umb:: o I::;;:ble?
(°F) 4 (130°F) | (2aPF) | (383°F) g
¥,N’-Di~2-Naphthyl-p-phenylane-
ddanine, Mo, 260, (Contsd 3557 2%0°C 48 6.0 9 9 5 6.0 0.5 o
0,10 'O ll,lg,Cu,S.B.,'l‘i (m F)
0,10 g. AL,Ag,Cu,Cr-Mo, T4 )/  355.9  260°% 24 2,9 5 5 4 2.9 0.8 b/
' (500°F)
0,10 guAl,ag,0u,Crdo,™ 1/ 355,10 2600C 4B 2.6 10 10 9 2.6 0.8 gof
{500°F)
0025k, A1,Ag,0u,8.8,,T4 1/ 355.8 260% 48 701 10 10 g 7.1 0.8 4/
YoM ¢e e |
B, X’ <Di~( 2-methyle3-chloro-
glo:ng;g-phmmhﬂu,
0.5125g., A1,Ag,Cu,8.8,,T1 2/  349.2 2%0°6 21 13 12 12 1,0 0,02 o/
(500°F) :
0.0125g. A1, 4g,00,8.8.,74 2/ 349.7 260°¢ 24 2 22 23 1.3 0,02 £/
[J] CH3 H (500°F)
O—-Olny
Aminodiphenylamine, No 053'20
R~ oy’ 0, No.
0.0125g., A1,88,00,8.8.,11 2/ 349.3  260%C 22 % 2% 28 11 0.02 g/
(500°F) . ‘
(0,0125g. ._P,Ag,m,s.s.,n 2 9.8 0% 48 3.1 66 61 70 0.8 0.04 b/
NN (500°F)
O Qe
Thiecarbanilide, No. 332
0.0125g, AL,Ag,0u,88.,T4 2/ 3491 26030 24 29 58 54 24 21 0,00 3/
(500°F) ‘
0.0125g. A1,Ag,0u,848.,T1 2/  349.6 260°C 48 3.7 10 14 1z 1.0 0,00 31/
H H (500°F)
ON-s-1-0)
: S
Stammous naphthenate, No. 37 °
0.005g., Al,Ag,Cu,8.S.,Ti 349.4 (%ag) 2, 2.3 62 58 A 0.9 01 K
0.0058., A1,Ag,Cu,8.8.,T4 2/  349.9  260°C 3.5 119 112 162 1.1 0.0 )/
(500°F)
1/ Gas Flow 1 1/hr.~ Atr
. & Gas Flow 1 1/hr.~ 95% N, 5¢ 0,
Metal Effect, Weight Loss om
&/ AL 0,02 Ag 0,40 Cu 1,20 8,8, 0,06 T4 0,02
b/ A1 0,10 Ag 0,22 Cu 1.18 Cr-Mo 0,32 T4 0,12
¢/ Al 0,02 &g 0,52 Cu 1.68 Cr-¥o 0,1} T4 0.04
4/ A1 0,04 Ag 0,46 Cu 1,44 8.8. 0,02 Ti~0,08
&/ Al 0.00 Ag 0,30 Cu 1.38 8,8, 0,12 T4 0,10
£/ AL 0,04 Ag 0,48 Cu 0.8, 8,8, 0,06 T1 0.02
&/ Al 0,00 Ag 0,52 Cu 0,72 8,8, 0,18 T4 0,00
b/ Al 0.00 Ag 0,90 Cu 1,00 8.8, 0,32 T 0.16
&/ A 0,1 Ag 0.8 Cu 1.26 8,8, 0,58 T4 0.1/
1/ A1 0,10 ag 0,92 Cu 1.56 8.8, 0,56 Ti 0,04
&/ 41 0.06 Ag 0,88 Cu 0.86 8,8, 0,48 T4 0.04
3/ Al 0,12 Ag 0,74 Cu 1,04 8.8, 0,36 T1 0,08
N.De Not yot determined,
36




TABLE 8

Oxidations in Didedecyl Dioctyl Silane, MLO 57-161

Sample 25 ml, Air Flow 1 1/Hr,
Additive, CCL No., Formula, Fun Temp., | Time, |Weight |Kinematic ViscosIty Change, %, | NeutrallzstIon | Iso-octane
Concentration, Metals Present No. gC Hours Loss, 54.5°C %[ 100°C 195°¢ Nunmber Insoluble\
(°F) % (130°F) | (2a=°F) | (383°F) , W P
None, No Metals #2041 (aﬁo:) 48 5,2 70,0 51.8 3844 11.8 0,04 0,02
500 ‘
None, No Metals 4212 260° P 6.8 70.7 503 45.3 2.8 0,01 0,52
(500%)
None, Al Ag Ou 8.8, Ti 420, 260° 48 49 49.2 44l 3hek 3.6 0,09 0,11
0.30 .1, .80 ,16 ,18 (500°) v
W04 J06  J12 10 04
Nome, AL g Ou 8.8, TL 425 260 8 101 117.0  88.8 65.0 het 0,05 0.5
0.18 20 .34 .36 .02 (500°) ’
W10 .16 06 12 ,02
Phenyl selenide, No., 282PCB, °
0,20g.A1 Ag Cu S.8. Ti 421,8 48 6.9 53.8 4.2 31.0 2.0 0,09 0.7
0,22 428 3,74 1.2 ,12 (500°)
022,70 .98 .86 .18
(CeH5) 2S¢
SwPhanylbenzoselenazole,No, 300B, ° :
0,0g.,AL Ag Cu 8.8, Ti420,7 260 48 4e2 438 3449 29,7 4e0 0l 0.6
0,66 o3 1442 28 .28 (500°) ‘
W04 W12 J16 L00  ,02 R
BOOB, 0.30‘. 42.-7 ﬂ 48 506 5105 4102 3505 5'8 0-07 0.49
Al Cu 8.8, Ti (500°) ‘
0.2 20 76 78 .06
ol/tv 030 om -06 014
N
Q@)
Se
Acridine, No. 82, 0.2g. 4.9 200 48 4d 6T 53T AN 0.8 0.3 0,60
Al ;Z Cu 8.8 Ti (500°)
0,74 36 .68 .82 .28
022 .30 B A2 D
. Ne
Lo
H
o .
Copper sebacster?, 2!-dipyridyl- 421,10 260 48 7.3 191,5 180,0 126,0 2,1 NoF. NoF.

amine (complex), No. 395, 003030 (5000)
AL Ag Cu 8,8, Ti

0,18 412 1,40 .80 -6
o0 JB 32 42 W36

oy

The Values under W are the per cent oil insoluble after the lsooctane wash,
precipitated by oxidation of isooctans to the filtered fluid.

N.F. Mot Filterable.
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TAHLE 9
Oxidations in Di-p-Dodecyl Di-p-Octyl Silane, MLO 56-611
“Additive, COL No., Yormula Ran | Temp. ] Time, | Weight |Kinematlc Viscosity Change, %, ] Neutrallzatlon | Iso—octans
Concentration, Metals Pres;nt]g No. gC Hour; Loss, 54.5°C 7| 100°C 195°C Nurber Insoluble,
°r) % (130°F) | (2a2°F) | (383°F) %
None, No Metals 420,2 (zsog) 48 5.1 52,5 4044 311 5.1 0,20
500
None, No Metals 421.3 zsog 48 5.2 45.7 36,2 8.4 2,8 0.53
(500°)
Bone, A1,Ag,Cu,S.8.,T4 420,5 (aeo:) 48 77 3.6 864 6447 4ol 0.9 o/
: 500
¥one, Al,Ag,Cy,8.8.,T1 4.6 260° 48 5.3 65,5 49,8 36,8 3.6 0.63 o/
(500°)
None, Al,Ag,Cu,Cr-¥o,Ti 361:10 g/ 36 4e2 45.5 34l N.D. 3.7 0.1 o
None, Al,Ag,Cu,S.8.,T1 364.10 b/ 48 6.4 38.4 31.6 N.D. 2.1 0.1 ¢/
2,2-Dipyridylanine, No. 128, 350.10 260°G_ 48 48 62.0 53.0 N.D. 4eb 6.9 o
0.20g., A1,Ag,Cu,S.8.,T1 (500°F)
Phenyl selenide, No. 282 o
PCB, 0.20g., Al,Ag,Cu,S.S. 359.6 260C 48 7.5 51.4 39.8 N.D. 6.6 0.2 g/
T4 (500°F) -
(CeH5) e
Di-(2-hydroxy~l-naphthyl}) o
selenide, No. 307, 0.20g., 359.8  260C 48 6.2 47.8 37.1 N.D. 2.8 0.2 &/
Al,Ag,0u,S.5.,Ti (500°®)
Se
“ 20
2-Fhenylbenzoselenszols, °
No. 300B, 0.20g., Al,Ag, 359.7 2606 48 6.0 53.0 43.5 N.Do 5.3 0.2 g/
Cu,8.8.,T1 (500°F) ’
0,10g. ,41,Ag,Cu,8.H. ,T1 3619 g/ 36 5.3 46,2 35.8 N.D. 34, 0.2 b/
0.20g. ,41,4g,0u,5.8.,T1 360.8 af 36 4eb 36.7 2.2 N.D. bely 0.1 i/
0.40g. ,A1,Ag,0u,8.8.,T1 3609 o/ 36 6.3 38.8 31,2 N.D. 5¢4 0.1 i/
0440g, yA1,Ag,Cu,Cr-Mo,T1 360,10 a8/ 36 6.1 43,0 36,0 N.D. 400 0.2 ¥/
0.10g. yA1,Ag,0u,S.5,,T1 3669 b/ 48 8.4 52,7 43.3 N.D. 2.6 0.1 )V
0,20g, ,A1,Ag,Ct1, 554, T4 420.8 2607 48 6.1 55,7 42.3 31.8 540 0.2 p/
N : (500°) '
=0
Se/ =
1,4, 2-Benzoselenazin-3-one, °
No. 308, 0.20g.,Al,Ag,Cu, 359.9 2606 48 6.2 52,0 40.7 N.D. 2,6 0.2 o/
8.8.,T4 T (500°F)
Qo
N/
. g 2, hours with air at 260°C and 12 hours with 95% N, and 5% 0, gas mixture at 316°¢. °
260°C for 2, hours, raised to 316°C for 12 hours, after 36 hours the temperaturs dropped back to 260 C for 12 hours
with 95% N, and 5% 0, gas mixture,
¢/ Al 0,32 Ag 0.10 Cu 0.26 Cr-Mo 0.34 Ti 0,10 p/ Al 0.44 Ag 0.10 Cu 1.36 S.8. 0.32 Ti 0.18
4/ A1 0.38 Ag 0,62 Cu 0.86 §.S. 0.50 Ti 0,10 9/ Al 0,36 Ag 0,06 Cu 0,56 S.S. 0.46 Ti 0.18
o/ Al 0,08 Ag 0,08 Cu 1,34 S.S. 0.86 Ti 0,22 p/ A1 0.38 Ag 0,30 Cu 1.44 S.S. 0.46 T1 0,18
£/ AL 0,16 Ag 0,40 Cu 2.28 S.S. 2.44 T4 0.10
£/ Al 0.10 Ag 0,10 Cu 0,70 3.S. 0.30 Ti 0.00
b/ A1 0,64 Ag 0.10 Cu 0.62 Cr-Mo 0.2, Ti 0.2
1/ A1 0,52 Ag 0.40 Cu 0,62 8.S. 0.56 Ti 0.30
1/ 41 0,30 Ag 0.32 Cu 0.8, S.S. 0,86 Ti 0.46
k/ AL 0,00 Ag 0.46 Cu 1.68 Cr-Mo 1.84 Ti 0.6/
1/ Al 0,12 Ag 0.36 Cu 0.90 S.S. 0.48 Ti 0.18
n/ Al 0,32 Ag 1.28 Cu 6.42 S.3. 1.46 Ti 0,00
],/ i]n%;ﬁ: otherwise indq.cuted the oxidations were performed with 25 ml of fluid with dry air passing at the rate of
N.b. Not yeot determined.
WADC TR 53-293 Pt VIII 38




TAHX 10

Oxidatisas in g-Octadecyl-tri-p-Octyl Silane, MLO 56-578

1so~octane

T

oE

N.D. lot.yet determined,
WADC TR 53-293 Pt VIII
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“I3dItIve, UL Y., Formils, | Fun | Temp. | 1186, |Welght t1s Yiscoslt “Teutralization
Concentration, Metala Presentl/ No. % | Hours | Loss, | 54.5%C*] 100°C 195°C Number Insoluble,
' °r . % (13c°F) | (aF) | (383°F) %
Nows, No Metals 420,3 égg:) 48 Tk 52,5 0.5 574, 7.6 0.17
Nons, No Metals 4.1 (sagg:) 8.4 93.5 70,0 53,0 3.3 0.53
Noms, A1;Ag,00,8.5.,T4 420.6 (36“3:) 48 67 855  63.6 4.7 5.5 0.17 o/
Noms,A1,4g,00,8.8.,T1 4.4 (ggg) 48 6.8 70.2 52,3 36,1 39 0.60 g/
Biss, Al,Ag,Cu, 8.8.,T1 356,6 (zso°c) 2, 8.9 1040 794 5.D, bok 0.3 o/
Nene, Al,A,00,8.8,,T1 356,7 (;g:g) 48 119 203.0  149.5 E.Dy 5.3 01 y
Fons, Al,Ag,0u,0r-Me,T1 6.8 o/ 36 5.2 56,3  41.0 N:D, 4o’ 0.2 g/
“‘.’ H.M,N,S.B.,Ti 3&.3 h/ ‘8 10,2 68,5 54.0 ND, 2.3 0.2 ‘/
Phenyl-globa-nsphthylanine
Be. 61, 0.10(?31,‘;,0!1,8.5., 357,10 260° 48 0.5 1.0 835 oD 5.1 0.3 ¢/
T4 : (500°F) : :
"
Aeridine, Bo. €2 (recryst.), 356.9 2600 G 48 Ue5 4910 9.0 N.D. 3.6 01 W
0,08 g., Al,Ag,Cu,8.8.,T4 (500°8)
Ny .
-
N,§’-Di-2-naphthyl~ 4
pﬂmm.amigz o 260, 356,10 260°6 48 L5  i000,0  592.0 N.D. 3.8 0.2
0,10g., Al,Ag,0u,8.8.,Ti/ (500°r)
SOnSae®
4-Bydroxy-3,5-ditert.~
butyl b?n—vi dimethylamine,  356.8  260°C 48 Ue2  405,0  285.0 N.D. 3.8 0.2 §/
Bo. 371, Al,Ag,Cu,8.8,,Ti (500°F)
CHy~N-¢C H3
1 )
Ha
(C".DJC©C EHady
(1
2,2'-Dipyridylamine, No. 128, 357.7  260°C 8.2 7.0 59.3 N.D. 48 0.3 ¥
0.10g., Al,Ag,Cu,8.8.,T1 (500°7) .
0.20g., A1,Ag,Cu,8.8.,T1 359.5  260°C 8.5 173.0  126.0 ¥N.D. 2.3 0.3 )V
Ne 8o (500°F)
— ’ N ‘
0
2,2’ -Dipyridylamine, No. 128,
0.10g. and Diphenyl selenids, '
¥o. 282PCB, 0.10g., -357.8  260°C 48 5.9 95.0 70,5 N.D. 2.9 0.2 »/
Al,Ag,Cu,S.S.,TL (500°1)
(CeHy) S0
Diphenyl selenide, No, 282PCB 357.9  260°C 7.5 60,0  43.8 H.D, 34 0.2 p/
0.10 g., A1,Ag,Cu,8.5.,T4 (500°r)
0.2 g., Al,Ag,Cu,S.S.,Ti 359,1  260°C 48 8.9 63.3 48.3 K.D. 2.3 0.2 o/
{500°7)
8/ 2 hours with air at 260°C snd 12 hours with 95% Nz - 5% O gas mixture at 316°C. o
b/ 20°C for 24 hours, rdise the temperature to 316°¢C for 12 hours, after 36 hours drop the temperature back to 200°C for
12 hours with 95% N, - 5% 0, gas mixturs,
¢/ Al 0,1 Ag 0.10 Cu 1.10 8.S. 0.08 T4 0,1, /AL 0.28 Ag 0.2, Cu 0,96 S.5. 0.76 T4 0,30
4/ Al 0,08 Ag 0.06 Cu 0.4 S.8. 0.02 Ti-0,16 a/ Al 0.02 Ag 0,16 Cu 0,20 S.S. 0,46 T4 0,10
¢/ A1 0,18 Ag 0,12 Cu 0,28 Cr-Mo 0,34 Ti 0.16 :
£/ A1 0,56 Ag 0,38 Cu 0.9, S.S. 0,38 T1 0,10
&/ AL 0.2 Ag 0.22 Cu 1.46 8,S. 0.48 Ti 0,36
B/ Al 0,22 Ag 0,36 Cu 0,62 8.8, 0,02 T4 0,16
1/ A1 0,2 Ag 0.28 Cu 1,00 8.S. 0,02 T1 0,04
1/ A1 0,00 Ag 0,14 Cu 0,52 S.S. 0,00 T4 0,08
¥/ A1 0.2, Ag 0,32 Cu 1.08 S.8. 0,94 Ti 0,50
1/ A1 0,3, Ag 0.50 Cu 1.68 8.8. 0.78 Ti 0,00
/A1 0,3/ Ag 0.72 Cu 4.80 S.3, 1.26 T1 0,06
2/ Al 0.66 Ag 1,0, Cu 2,08 S.S, 1.68 Ti 0,00
@/ A1 0,32 Ag 0.00 Cu 6,38 S.8. 1.80 Ti 0.18
)/ Unless otherwise imdicated the oxidations were performed with 25 ml of fluid with dry air passiag at the rate of




Table 10. Oxidations in N-Octedecyl-tri-n-Octyl Silane, MLO 56-578 (cont’d).
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om#

g 0.20 Cu 0.34 S.S. 0.16 T 0.00
»52 Cr-Mo 0.50 Ti 0.2
S.5. 0.42 Ti 0.20
.S. 0.64 Ti 0.12
r-M0O 7.12 Ti 0.18
5. 0,42 T1 0,12
+S. 0,98 Ti 0.22
S.S. 1.10 Ti 0.08 :
otherwise indicated the oxidations were performed with 25 ml of fluid with éry air passing at the rate of

Houra with air at 260°C and 12 hours more with 95% N - 5% 0, at 316 C.
°C for 24 hours, raise the temperaturs to 316°C for 12 hours, sfter 36 hours drop the temperature back to 260° [
12 hours with 95% N, ~ 5% O, gas mixturs.

tal Effect, Weight Loss,

k/ AL 0.56 Ag 0,52 Cu 1,50 S.S. 0,64 Ti 0.40

Additive, CCL No., Formula, Run Temp., | Time, |Weight [Kinematlc ViscosIty Change, %, | Neutrallzation [ Iso-octane
Concentration, Metals Presentld No. o¢ Hours Loss, 54.5°C %] 100°C 1959¢C Number Insoluble,
(°F) % (130°F) | (22°F) | (383°F)

2-FPhenylbenzoselenazole, o
No. 300B, 0.20g.,Al,Ag, 359, 260°C 48 7.8 61.9 46.7 N.D. 4o3 0.1 ¢/
Cu,S5.5.,T4 (500°F)
0:10g. ,A1,Ag,Cu,Cr-Mo,T1 361.7 o 36 49 4642 34.0 N.D, 3.8 0.2 ¢/
0,20g. ,A1,Ag,Cu,8.5.,T4 360.5 o/ 36 N 46,5 36,2 N.D. 4e3 0.1 o
0.40g. ,A1,Ag,Cu,8.5.,T1 360,5 a/ 36 6,7 47,5 37.2 N.D, 6.3 0.2 &/
0.40g.,AL, Ag,Cu,Cr-Mo,T1 360.7 o/ 36 7.6 53.9 42,0 N.D. body 0.3 g/
0.10g. ,A1,Ag,C0u,S.5.,T4 3647 z_;/o 48 10.4 65,3 52,0 N.D, 2.6 0.1 b/
0. 2084 ,A1,Ag,Cu,8.5.,T4 420.9 260 48 5,0 33.2 31.0 217 5.1 0.3 ¥/

N (500°)

o= O

/

<
Di-(A-hydroxy-1-naphthyl) o
~ selenide, No. 307, 0.20g. 359.3 C 4B 6.3 62.2 46,3 N.D. 2.6 0.1 i/
A1,Ag,Cu,8.8.,T1 (500°F)

Se
“
1,4, 2-Benzoselenazin-3-one, : o
No. 308, 0.20g., Al,Ag,Cu, 359.4 c 6.0 53.5 40.8 N.D. 2.4 0.3 i/
S.8.,Ti - (500°F)



TABLE 11

Oxidations in Diphenyl Di-n-dodecyl Silane, MLO 56-280

Additive, CCL No., Formula, Run Temp, | Time, JWeight [Rinematic ViscosIty Change, %, | Neutrallzation | Lso-octane
Concentration, Metals Present Yo, gC ‘Hours | Loss, 54.59C *] 100°C 1959 Nurber Insoluble,
(°r) 3 (130°F) | (2a°F) | (383°F) 4
None, A1, Ag,Cu,8.8.,71 1L/  356.1 (26020) 2, 10.5 107.0 85,5 N.D. 3.4, 0.1 o
500°"F »
None, A1,Ag,Cu,S.5.,T4 L/  356.2 C 48 15.1 865.0  528.0 N.D. 4.0 0.3 b/
. (500°F)
None, No Metals 2/ 352.1 (316°c) 12 7.7 25,7 2.6 N.D. 2,7 0.1
600°F
None, No Metals 2/ 353.9 (316°c) 12 8.3 3.2 224 N.D. 1.5 B!
None, No Metals 2/ 352.2 (2%g§c) 2 18.0 96.0 88.4, N.D. 3.0 0.2
F .
None, 1 A1 Square )/ 354.1 (Zég:c) 12 8.3 37.0 31.0 N.D, 1.7 0.1 ¢/
¥
None, 2 Al Squares L/ 354.2 Zég: : 12 9.7 46.0 38.0 N.D. 2.4 0.1 ¢/
¥
None, Al, Ag,Cu,S.5.,T4 2/ 352.3 (22.)23 : 12 8.1 3.1 7.8 N.D. 1.9 0.1 o
. ¥
None, Al,Ag,Cu,S.8.,T1 2/ 353.10 (2(1)820) 12 6.7 42 0.8 N.D. 1.3 0.1 g/
¥
None, Al,Ag,Cu,S.S.,T1 2/ 352.4  36°C 4 11.4 13.0 16,7 N D. 1.1 0.2 g/
(600°F) :
Phenyl-alphe~naphthylamine, o
No. 61, 0.12 g., Al,Ag,Cu, 352.7 316C 12 6.4 2.6 6.3 N.D. 1.4 0.1 v
8.5., Ti (600F)
0.12 g., Al,Ag,Cu,S.8.,T4 2/ 352.8 316°C 24 10.8 13.6 17.1 N.D. 1.4 0.2 &/
Ll
N, N’~Di~2-naphthyl-p~
phenylenediamine, NO. 260 356.5  260°%C 48 18.4 N.M. 2.3 9.3 I/
0.10g., Al,Ag,Cu,S8.8.,71 1/ (500°F) .
SetLe®
Acridine, No., 82 (recryst.)  356.4  260°%C 48 16.6 N.M 1.1 90.8 k/
0.08 g., Al,Ag,Cu,S.S.,Ti 1/ (500°F)
0.12 g., Al,Ag,Cu,8.5.,TL 2/ 352.5 (2%320) 12 7.5 9.2 12.1 N.D, - 1.4 0.1 I/
v F
0.12 g., Al,Ag,0u,8.5.,T1 1/ 354.3 (géggc) 12 12.9 61.0 57.0 N.D. 1.6 0.2 n/
¥ .
0.12 g.,A1,Ag,0u,8.5.,Ti L/ 354.5 (géggc) 12 16.5 96.9 93.0 N.D. 1.5 0.1 p/
F
0.12 g., Al,Ag,Cu,S.5.,Ti 2/ 352.6 (2(1)820) 2 12.7 39.4 36.7 N.D. 1.7 0.2 of
¥
0.12 g., Al,Ag,Cu,S.5.,TL 1/ 354.J (aggc) 2, 21.0 330.0  325.0 N.D. 1.5 0.2 p/
F
0.12z., Al,Ag,Cu,S8.5.,Ti )/ 354.6 316°%C 2, 25.9 NM. 4620 N.D. 1.3 0.2 g/
N (600PF)
@CID ' \
#
L/ Gas Flow 1/hr - Alr
2/ Gas Flow 1/hr - 95% N, - 5% 0,
Metal Effect, Weight Loss, mg/cm?
e/ 41 0,16 Ag 0.28 Cu 1.0 5.S. 0.16 Ti 0.02
b/ Al 0,30 Ag 0,18 Cu 0.96 S.S. 0.2 Ti 0.04
¢/ Al 0.16
d/ 41 0,18 A1 0.36
e/ Al 19.2 Ag 0,00 Cu 0.22 5.S. 0.C8 Ti 0.04
£/ Al 15.1 Ag 0.12 Cu 0.20 S.S. 0.00 Ti 0.14
g/ Al 25.9 Ag 0.12 Cu 0.14 S8.S. 0,18 Ti 0,00
b/ Al 19.4 Ag G.22 Cu 0.30 S.S. 0.0 Ti 0.08
L/ Al 25.2 Ag 0.10 Cu 0.52 S.8.-0,06 Ti 0.00
1/ A1 0,10 Ag 1.22 Cu 1.6/ S.5. 0.20 Ti-0.04
k/ A1 0,16 Ag 1.16 Cu 3.0/ S.S. 0,30 T1 0.06
1/ A1 19.1 Ag 0.00 Cu 0.36 S.S. 0.12 Ti 0,10
2/ Al 1.70 Ag 0.56 Cu 1.04 S.S. Q.48 Ti 0,08
n/ Al 0,18 Ag 0.32 Cu 0.82 S.5. 0.38 Ti 0.04
o/ Al 18.1 Ag 0.0/ Cu 0.62 S.5. 0,22 Ti 0.10
p/ Al 0.28 Ag 0.3/ Cu 1.2, S.S. 8.5 Ti 0.04
o/ Al 0.2, Ag 1.08 Cu 3.58 S.S. 0,82 Ti 0.14
NeD. Not yet determined.
WADC TR 53-293 Pt VIII. A




Table 11l. Oxidations in Diphenyl Di-p~dodecyl Silane, MLO 56-280 (Cont’d)
AddTtIve, CCL No., Formila Tam Temp, | Iime, |Weight |Kinematic Viscoslty Change, %, 4 Neutrallzatlon | Iso-octan
COncentr;.t:lon, Metals Pres:ant No. g Hour; Ioss, 54.5°C ¥} 100°C 1959C Number Insoluble? :
(°F) % (130°F) | (2°F) ] (383°F) 3
4~Hydroxy-3, 5-ditert.-butyl
benzoyl dimethylamine, No. 371 356.3 260°C 48 12,7 N.M. 1.9 0.5 o
0.12 g., Al,Ag,Cu,5.8.,71 1/ (500°F) ’
0.12g. Al,Ag,Cu,8.8.,T4 2/  352.9 (2233“) 12 8.0 12.1 .0 N.D., 1.5 0.1 b/
r
0.13. Al,Ag,0u,8.8.,Ti 2/  352.10 (6%330) 2% 10.1 1.4 15.5 N.D. 1.4 0.1 ¢/
r
c"é’,"":CH;
2
(eng) 5 cbHy),
OH
, 2’ -Dipyridylamine, No. 128
0.10g., Al,Ag,Cu,8.8.,TL 1/ 357.5 260 C 48 1.4 164,0  131.5 N.D. 1.6 74 &
W (500°F)
OO |
" 2,2’-Diphenylazine, No. 128 o
0.10g. and Diphenylaelenide, 357.6  260°C 48 8.2 76,0 61.0 N.D. 1.4 49 o
¥o. 282PCB, 0.10g. (500°F)
Al,Ag,Cu,8.8.,T4
(Chﬂs)zs&
1/ Gas ¥low 1/hb.-Alr
2/ Gas Flow  /hr. - 95% N, ~ 5% 0,
Metal Effect, Weight Loss, ‘om®
8/ Al 1.34 Ag 0.8/ Cu 1.66 8.8. 0.28 Ti 0.0,
b/ Al 17.3 Ag 0.10 Cu 51,9 8.8. 0.06 Ti-0.14
¢/ ALl 1.3 Ag 0.8, Cu 1.66 S.8. 0.28 Ti 0.04
4/ A1 0.40 Ag 1.52 Cu 5,60 8.5. 2.52 T1 0.64
o/ Al 0.36 Ag 1.88 Cu 7.03 8.S. 3.2, Ti 0.78
TABIE 12
Oxidataons in Silicone MLO 9840, XF258 Gag Flow: 1/1 Hr. Alr
Acridine, No. 82 °
recryst. L/ 0.12g:, 354.7 316¢ 12 1.5 1.8 0.5 N.D. 1.6 0.1 g/
Al,Ag,Cu,8.8.,TL (600°F)
recryst. 0.12 g. 35.8 3163 2 3.2 9.8 6.8 N.D. 1.0 0.1 b/
Al,Ag,Cu, S.S.,Ti (600°F)
residus, 0.12 g. 354.9 316°%C 12 3.1 25.8 23.0 N.D. 0.8 0.1 ¢/
Al,Ag,00,8.8.,T1 (600°F) _
residue, 0.12 g. 35,10 3165 24 5.9 127.0 15,5 N.D. 1.1 0.02 g/
Al, Ag,Cu,s.S8.,T1 (600°F)

s0e

1/ The commercial sawple was purified by recrystallization from alcohol. The first crop of crystals which appeared of
The residus after removal of another crop of crystals and evaporation of solvent

good purity is labelled "recryst.m
was labelled "residue"”.

Metal Efffact, Weight Loss, mg/om?

¢/ Al 0,08 Ag 0.2, Cu 0.46 S.S. 0.12 Ti 0.14
b/ AL 0.04 Af 0.1, Cu 0.78 S.S. 0.10 Ti 0.00
¢/ Al 0,00 Ag 0.46 Cu 0,64 S.S 0.00 Ti 0.04
d/ A1-0.04 Ag 0.22 Cu 0.48 §.S. 0,00 Ti 0.06
NoDo Not yet determined.
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Oxidations in a Pentaerythritol Ester, MLO 55-584

TARLE 13

Saaple 25 ml.,Air Flow 1 1/Ar.

Additive, CCL No., Formila, “Run Temp, | Time, TWeight |Rinematic Viscosily Change, &, ~Feutrallzation Iso-octane
Concentration, Metals Present | = No. gC Hours | Loss, 54.5°C Y] 100°C 1959C Number Insoluble,
and Weight loss, mg/cm? - (°r) % (130°F) | (2PF) (383°F) %
N-Methylphenothiazine, No.5, 8/
0.27g.AL Ag Cu 8.8, Ti 3621 2% 60 3.9 2.1 176 N.D. 3.2 2.2
0,00..30 1,08 ,12 .02 {400°F)
50,2741 Ag Ou S.8. T1 365,20 204° 60 2,5 19.6 L5 N.D, 3.7 1.3
0.36 o46 o76 12 .18 (400°)
50,2gAl Ag CuCrel0 TL 3622 204 60 3.9 2.5  15.0 N.D. 3.1 1.3
0,28 +20 74 .12 .10 (400%)
5,0,27g.Al Ag Cu Or=M0 Ti  363.8 zoz.: 60 FX) 17.7 120 N.D. 3.1 . 20
0.32, 046 .82 496 2% (400°)
“Hy
0
§
N-Methylphenothiazine,Ne.5, °
0,27g. and Vanadyl 2-ethyl 362,7 zoao 60 5¢5 14.9 10,2 N.D, 37.7 3.8
hexoate, No. 379, 0.02g. (400%)
Al Ag Cu 8.8, T ,
0.14 32 3.66 J14 406
N-Methylphenothiazine,No.5 °
0.27g. snd Stanneus naphthenmate, 362,6 04 - 60 5¢3 21.6 15.5 N.D. bod 2,0
No. 373,0.02g. (400%)
Al Ag Oy 8.8, T
Oslh o2 .88 .18 10
N-Methylphenothhzine, “9.5) o
0.27g. and Ferrosceme,No. 374, 362.8 204 60 5.2 29.6 23,5 N.D. 1449 42
0.02g. Al Ag Cu 8.8, Ti (400°) ‘
0,00 .32 .98 .20 ,08
5 0,15g. and 374 0.05g. 5.9 2040 60 3.7 18.8 124 N.D. 8.7 1.8
AL Ag Cu 8.8, Ti (400°) ‘
0042 o48 L1 o280 .22
Diphenylamine, No., 52, 0,22g.  413.9 ao:,: 60 48 28,6 19.4 N.D. 4l 0.9
AL Ag Cu 8.8, Ti 400°)
0.02 —-04 0100 ‘012 70010
.00 .08 .04 ,02 ,00
52 0,22g.A1 Ag Cu S.S. Ti 4149 2607 48 7.1 N.M. NoM, N.D. 7.1 NoF.
0014 404 496 422 04 (5007)
+02 .02 06 400 .00
i
N
p-Aninodiphenylamine,No. 360, o
0.25g.A1 Ag Cu 8.8, Ti 362.4° 204 60 645 11.9 79 N.D. 3.3 2.5
0,26 oid 438 J10 22 (400°) ,
360 0,25¢.AL Ag Cu S.S. T4 374,10 2047 60 2.2 10,4 7.5 N.D. 2.2 1.2
0,00 .66 .38 J10 .20 (4007) .
360 0.2%g.A1 Ag Cu S.5. T 413.8 202 60 6.1 99 6.2 N.D. 1.5 1.1
«0,26 =16~,Lims 22 -,16 (400%)
026 .18 .2 04 L4
360 0,25g.A1 Ag Cu S.5. Ti 375,10 232° 48 545 18,0 - 12,3 N.D. 1449 2.8
0.26 .80 .82 46 .24 (450°)
360 0,25g.A1 Ag Cu 8.5, Ti 381.8 260°. 2, 5.8 5.2 10.0 N.D. 20.5 2.8
0.32 .62 .58 .18 .04 (500°) :
360 0,25g.A1 Ag Cu S.8. Ti 379.10 asog 36 8.9 37.3 2.9 N.D. 25,2 2.9
0.02 432 .50 402 ~,12 (500°)
360 0,25g.A1 Ag Cu S.S. Ti 380.6 260° 36 5.7 38.2 2,7 N.D. 22,0 3.0
0.32 .62 .58 .18 .04 - (500°)
B
N
NHy
N.D. Not Determined.,
N.F. No% Filterable.
8/ At 500 F the phenothiazine type of additives in 1% concentration did not significantly retard the oxidation. In a

48 hour run the blank values for change in kinematic viscosity \iexje over 2007 and the neutrdlization numbers were

above 25.
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Teble 13. Oxidations in a Pentaerythritol Ester, MLO 55-58, (Cont’d)

Sample 25 al, Air Flow 1 1/hr,
Additive, CCL No., Formula, Run Temp, T"TIme, |Weight |Kinematls Viscosity Change, %x ] NeutrelIlzatIon | Tso~octane
Concentration, Metals Present No, gC Hours Loss, 54.5°C ¥| 100°¢C 1959¢ Number Insoluble,
_ (°r) 4 (130°F) | (212°F) (383°F) %
p-Aminodiphenylamine,No. 360, o
0.25g, A1 Ag Cu 8,3, Ti 381.9 260°% 36 5,7 22,6 16,7 N.D, 21.8 3.6
-0.06 ,32 .72 ,00 .08 (500°F)
360 0,25¢.41 Ag Cu S.8, Ti 381.10 260° 48 5.1 15.8 10,7 N.D. 32,3 3.3
0,26 438 .48 12 -, 26 (500°)
360 0,2¢ghl Ag Cu 8.8, TL 414.8 2600 6.7 25,2 17.2 N.D. 21,9 1.1
=0423-,26 =,10-,16 ~,40 (500°)
002 .w ' .14 ‘oo lm
H
. N
O C.,
Isopropoxydiphenylamine,No. 390, 374.9  204° 60 1.9 8.5 126 N.D. 5.6 0.9
0.25g, Al Ag Cu S.5. Ti (400°)
0.14 424 70 .06 .06
390 0.25g.01 Ag Cu 8.8, Ti 375,9 232° 48 6.8 2.1 18.5 N.D. 23.6 2.9
0,00 .2} 1,12 ,20 ,18 (450°)
380 O.25g.A1 Mg Cy 8.8, T 379.9 260° 36 7.1 93,0 6944 N.D, 32.8 5.9
0,10 ,18 1,50 .10 .06 (500°) :
2,2'-Dipyridylanine, No, 128, o
0.22g. AL Cu 8.3, Ti 413.10 2047 60 3.7 6.3 4e5 N.D. 1.0 0.2
-o-u. 2 086 .02 oOIo (400 ) )
+06,30 .12 ,02 .02
128 0,25g. Ne Metals 367.5 aso: 48 7.8. NM.  NM N.D. 3hed 0.7
500
128 0.25g, AL Ag T4 367.8 260° 48 7.9 69.8 5647 N.D, 2.2 0.8
0,04 406 -,12 (500°)
128 0.25¢, 81 Ou T4 367.7 2603 48 6.7 33.7 25,9 N.D. 28,1 10.9
0,00 2,38 -,04 (500°)
128 0.25g.A1 Ag Cu 8.8, T1 367.6 260° 48 8.1 8.4 4.8 N.D. 24,0 1.7
0,00 ,08 ,10 .64 -.22 (500°)
128 0,222.A1 Ag Cu S.8. Ti 414,10 260° 48 Tods 7.8 4e3 N.D. (A 0.3
-0.04 ,02 .86 ,02 ,04 (500%) .
«10 .16 .22 ,16 .00
M
N Ko N
N
N,N’-Diphenyl~p-phenylene~ o
diamine, No. 186, 0.34g, 422,5 204 60 6.0 16,3 11.0 N.D. 2.0 1.3
Al Ag Cu S8.8. Ti (400°)
-00317-038-014 -.04 -.04
o2 36 024 .22 .32
HNC, He
HNC He
¢-Aminodiphenyl, No. 367, M2 2040 . 60 0.5 18.4 10,7 N.D. 23.5 1.7
0.25g. Al Ag Cu S.8. Ti (400°) ‘
0.16 ,50 2,98 .10 ,08
367,0.25g.A1 &g Ou 8.5, TL  375.2 232° 48 6.9 35.8 20,3 N.D. 28,7 4ol
0,06 14 2,10 .24 =,02 (450°)
367 0,25g.A1 Ag Cu 8.8, T4 379.2 260° 36 8.7 156.3  108,2 N.D. 2401 8.6
0.20 .32 1,60 .00 .0, (500°)
Di-2-naphthylamine,No, 383,
O0s26g. A1 Ag Cy S.8. Ti 3%.3 204 60 1.1 21,4 14.9 N.D. 12,7 1.9
0.2} .30 1,24 .36 L1, (400°)
383 0.30g.AL Ag Cu S.5. TL 3657 204° 60 3.3 25,6 17.0 N.D. YA 2.4
0.16 .38 .82 .02 .2, (400°)
383 0,30g.A1 Ag Cu CroMe Ti  365.8 204° 60 2.5 .8 16, N.D.
0.20 450,76 208" .28 (400°) 2 5 P 2ok 2.3
H
SPrhee
N.D. Not Determined,
4
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Tadle 13, Oxidations in a Pentaerythritol Ester, MLO 55~584 (Cont’a)
Sample 25 al., Air Flow 1 l/Hr,

Additive, CCL No., rormula, Run Temp., | Time, |Weight Kinematic Viscosily Change, ;] Neutrallzatlon Iso-octane
Concentration, Metals Present No. g Hours Loss, 54.,5°C %[ 100°C 19596 Number Insoluble,
(°r) % (130°F) | (22°F) (383°F) %
Di-2-naphthylemine, No., 383 , .
0,25g.A1 Ag Cu 8.8, T 375.3 232: 48 6.0 25,0 1.7 N.D. 33.1 3.6
0,12 330 1.32 .10 ,00 (450%) ‘
383 0,25g.A1 Ag Cu 8.8, Ti 379.3 260° 36 9.1 75:4 59.8 N.D. 30.1 5.2
0.1, o42 1,78 .02 .06 (500°)
383 0.30g. No Metals 367.3 (zeo;) 48 5.8 49.5 353 N.D. 203 408
500
383 0.30g.A1 Ag Cu S.8. Ti 367.4 260° 48 YA 27.8 19.3 N.Do 28,7 2.8
0,02 .14 1.32-.13-,20 (500°)
"
SORRES
Age Rite Stalite,No, 389, R
0.25g.A1 Ag Ou 8.5, Ti 348 204 60 0.9 PIAA 1.9 N.D. 2edy 0.3
0022 o34 2.74 416 .12 . (400%)
' 389 0.25g.A1 Ag Cu S.S. Ti 375.8 2322 48 6.1 53,0 36,1 NeDe 30.3 3.0
0,28 .36 2,52 .06 ,18 (450°)
389 0,25g.A1L Ag Cu 8.8, Ti 379.8 zso: 36 7.3 50,4 33.5 N.D. 32.8 3.2
0.04 o1} 1,76 432 400 (500°)
Age Rite H,P.,No, 388, 0.25g. 3747 204° 60 0.6 1.1 8.9 N.D. 1.5 . 1.0
Al Ag Cu 8.8, Ti (400°)
0,20 .40 .50 .12 .10
388,0,25g.A1 Ag Ou 8.8, Ti 3758 232% 48 5.4, 22,4 13.1 N.D. 2.2 3.3
0,42 o74 1o34 406 W14 - (450°)
388,0.25g.A1 Ag Cu S.S. Ti 379.7 %0° 36 8.1 42.3 32,0 N.D. 32,9 - bed
0.18 .2, 1,52 .18 ,00 (500°)
388,0.25g.41 Ag Cu 8.8, Ti 380.7 zso:' 36 3.7 33.5 2.0 N.D. 2.9 29
0.14 ohd 692 404 .02 (500”)
Age Rite Hipar,No. 387,0.25g. °
A1 Ag Ou S.S. Ti 3746 204 60 0.0 16.1 11.5 N.D. 2.2 0.8
0,20 .30 66 .6 .20 (400°)
387 0.25g.A1 Ag Cu 5.8, Ti 375.6 232° 48 6.9 20.5 12.8 N.D. 12.8 2.9
0,00 430 1,22 30 40 (450°)
387 0,25g.A1 Ag Cu 8.8, TL 379.6 260> 36 8.9 67.3 5442 N.De 25,5 49
0.02 .08 1.14 (10 ,00 (500°)
Age Rite Resin-D,No. 385,0.25g. .
Al Ag Cu S.8. TiL  374el 2042 60 1.5 17,2 11.3 H.D. 649 1.8
002 o50 1422 .26 426 (400%)
385 0.25g.AL Ag Ou S.8, T4 375.4 282 48 5.0 25.4 1504 N.D. 31.9 2.8
0.14 422 .48 ,18 ,18 (450°)
385 0.25g.A1 Ag Cu S.8. TL 379.4 260 36 8.3 2.6 1544 N.D. 32.2 3ud
0.10 450 .54 18 =.06 (500%)
Age Rite Resin, No, 386,0.25¢g. °
Al Ag Cu 8.5. T4 374.5 204 60 2.2 69.0 48.7 N.D. 2644 6.0
0,14 +42 1.82 .34 .16 (400°)
386 0.25g.A1 Ag Cu S.5. Ti 3755 2320 48 5 67.5 4948 N.D. 25.9 6.5
0.12 .36 .74 .02 ,18 (450°)
386 0.25g.AL Ag Ou S.S. Ti 379.5 260° 6 10.0 22,5 159.0 N.D. 25,0 9.7
0,10 .20 .60 .12 .02 (500°)

N.D., Not Determined.
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Table 13. Oxidations in a Pemtaarythritol Ester, MLO 55-58; (Cont’d)

Sasple 25 al.

Ar Flow: 1 1/m-‘.

Additive, CCL Yo., Formila, Run Temp,
Concentration, Metals Present No. (gC)
F

Tife,
Hours

Weight
Loss,

Sinematic ViscosIty Change, & ]
100°¢

54,..50C *
(212°F)

-(130°F)

ange, @
195°¢
(383°F)

| Neutralization
Number

Iso~-octane
Insoluble,
%

l-Aniwoethylmorpholine,No,117,

0,10z, amd R-Aainodiphenylamine,

Ne. 360, 0,123, 919 2042
Al Ag Cu 8.8. Ti (400"}

0,16 .58 ,26 ,12 ,00

!l-himethylmrpholine,ﬂo. 117,
0.10g. and 2,2'-dipyridylanine, 391,10 2040
No. 128, O.1lg, v (400°)
AL Ag Cy 8.5. Ti
0,10 .34 .28 ,0, ,08

§,N’-Diphenyl-p-phenylene~
disnine, No, 186, 0.17g, and
4,4?=bisthispicolinamido 422,71 204°
diphanyl, No, 401, 0,03g. (400°)
Al g Cy 8,8, T1
"'0.10 “004'018-006 "'0110
004 Qm 038 o0 012 .
186 0.17g. amd 301, 0,03g.
Al Ag Cu 8.8, TL  422,8 20,0
«0y 28~,22-,06-,06 <£,08 (400°)
o2 .34 430 08 .08

Vanadyl-2-ethyl hexoate,
No. 379, 0.25g, 362,3 204°
Al Ag Cu 8.8, Ti (400°)
0.2, .20 .48 .64 ,02

4y4*-Methylene-bis-2, 6~ °
ditertiary butyl phenol, 367.9 20
No. 370, 0.30g, (500°)
Al Az Cu 8.8, T1
0,00 .10 1,53-,34 =, 20

¢ (cH), c (c“:a)’
o

HO
(cu,)' ¢ [ j—— c H,——@c (cHy),

1,4,2-Benzoselenazin-3-one N °
No. 308, 0,30g. 367,10 260

Al Ag Cu 8,8, Ti 500°)
=0.1% 2,92 11,7 .66 «00

2y4~Bis~ (phenyl mercapto) °

toluens, No. 372, 0,25¢, 362,5 204
A Ag Cy S.8. T (400°)

0422 46 4442 ,18 A

50

O

N.Ds Not Determined.
N.F.  Not Filterable,
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6.1

3.5
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22,2

7.2

36.7

.3

57.3

59.5

46

16,2

48

9.7

7.7

25,7

52.4

42.6

39.9

N.D.

N.D,

N.Do

N.D,

N.D.

N.D.

N.D.

N.D,

5.1

1'5

4.l

3.0

72.9

22,1

N.F.

0.4

1.2

0.8

6,5

3.2



TABLE 1
Oxidations in Bis-(2-ethylhexyl) Sebacate

25 ml Sample Air Flow 1 L/fir,
Additive, CCL No., Concentration, Run Time, Temgerature, Weight Kinematic Viscosity Neutralization
C

v

Metals Present and Weight Loss, No. Hours o Loss, change,%,o No. Isooctane Isococtane
gg/em2 Cr) Z 54,5°¢ _100°¢ ¥agh _ Precipitate
N-Methylphenothiagind, No. 5, 393.2 60 zoz.‘; 1.6 5.4 3.9 4o 1.1 1.5
0.2 g., No Metals (4007) -
5, 0.27g. 363.1 60 2042 2.8 10.6 6.6 13.0 © N.D. 2.7
Al Ag Cu 8.8, Ti {400°)
0u44 48 1,70 .2, .02
5, 0,27g. 363.2 60 204° 47 12.7 7.0 143 N.D. 2.6
Al Ag Cu OrMo, T4 (4000}
0,26 44 L4882 .28
’ cus

8y

N-Methylphenothiazine, No.5,

0.20g,, and Vanadyl-2-ethyl °
hexoate, No. 379, 0.07g. 363.6 60 204, 7.0 82.0 62.8 32,2 N.D. 7.7
Al Az Cu Or-M Ti (4007)
0.48 3, 2,06 1.9, .20
55 0.15 g and Ferroscene, °
No. 373, 0.07g. 365.5 60 204 3.4 16,9 10.0 - 2.1 N.D. 1.3
AL Ag Cu S.S. -Ti (400°) :
0.00 .02 1.1, .08 .10
5, 0,20g., 373, 0.07g. 3637 60 2040 2.9  10.0 5.6 10,4 N.D. 2.7
Al Az Ou CrM Ti (400°)
0.30 W40  1.64 .32 .28
CHy e
N
Diphenylenine, No. 52, 0.22g.  419.6 60 204 27 335 7.7 15.0 002 L7
No Metals (400°)
52, 0.22g. M3, 60 2040 49 18,9 12.4 L6 - 1.1 1.8
et 3 W-B B
0. - . . hat}
26 W38 420 W20 22 : o : .
52, Oubbge 419.4 60 204 48 2.4 13.8 8.2 1.5 3ok
Al Cu 8.5, T4 (400)
~0,02 .10 40 .12 .00
W16 .28 .40 W1, 16 o :
52, 0.22g. WU, 48 260 8.0 7900  432.0 VA 14,0 4o
Al Ag OCu S.S. T4 (500°) : '
0.08 .00 .68 .6 .
.02 .02 .00 .00 .0 o
52, O.44g. : : 416.9 - 48 260 6.7 33.4 25.3 16.3 N.F. N.F.
Al Ag Cu 8.8, T (500°) :
0,32 0,22 1.2, 0.22 0.04
04 02 L,06 06 .04 417.2 /60 204° 5.6 23.4, - 4.7 : 15,0 1.8 2.5
Al Ag Cu 8.8. Ti (400° . :
0.32 . .1, .58 B .16
.10 .04 .08 ,02 ,02
.N‘ .
pAninodiphenylamine, No. 360 389.7 60 204, 2.5 16.3 10.7 1.1 1.3 1.0
0.2g., A1 Ag Cu 8.8, Ti (400°) ~
0.20 .28 .26 .04 .02
360 0.2%4g.,A1 Ag Cu S.5. Ti  391.5 60  204° 6.8 19,5 13.3 Loh 0.8 1.1
0.16 .50 .22 ,06 .12 (400°) . ) ‘
360 0.24g.,A1 Ag Cu S.8. Ti  413.3 60 2042 5.1 16,1 0.5 10.5 0.5 1.0
~0.20 04 404 =006 ~,10 (400°) . »
022 .20 .14 .1, .08 o
360 0.25g.,A1 Ag Cu S.S. T4 362,10 60 204, 1.8 9.6 5.8 11.9 N.D. 2.1
0,34 o40 W46 424 408 (400°)
360 0.25g.,A1 Ag Cu S.S. Ti 363.3 60 204° bods 11.6 7.6 9.5 - N.D. 2.1
0.32 +56 28 .2, .20 (4000) . . _

H
o
—ONHI-
N.D. Not Determined.

N.F, Not Pilterable.
2/ Check Run on 413.4 to show metal effects.
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Table 14. Oxidations in Bis-(2-ethylhexyl) Sebacate {Cont’d)

25 m] le
Additive, CCL No., Concentration, Run Time, Temperature Weight Kinematic Viscosity Neutralization Insoluble Percentage
Metals Present and Weight lLoss, No. Hours og Loss, Change, %, No. Isooctane Isooctane
—ng/cn? Cr) 3 54,5°¢ __ 100°%C Mesh _ Precipitate
p-Aninediphenylamine, No. 360, o ,
0.25g.A1 &g Cu Or-Mo Ti  363.4 60 204 2.7 127 9.1 11.5 N.D. 2.2
0.30 .50 .46 .30 .26 (400°)
360,0.25¢.41 Ag Cu 8.8, Ti 373,10 48 2328 2.1 10.9 6.1 21,6 N.D.
0.10 .24 .50 .26 .00 (450" )
360,0.%g.Al Ag Cu 8.8, T1 390.7 2 260° 3.1 101 5.9 18.6 2.5 1.7
0.30 .52 .52 ,2, .16 (500°)
360,0,25¢.41 Ag Cu 8.8, T4  381.5 36 260° 40 9.0 5.5 16.3 N.D. 3.3
0.16 1.12 .80 .58 .30 (500°)
360 0.25g.41 Ag Cu 8.8. T4 38L.6 48 260° 5.0 121 7.4 16.4 ND. 4
0.28 .94 1.08 1,02 .08 (500°)
360 0.25g.A1 Ag CuS.8. Ti 4143 48 2607 6.0 1644 9.7 15.5 3.8 0.9
~0.06 .10 .56 .52 -,18 (500°)
22 .28 .20 18 L16
2]
N
U 0O |
&-Bitrodiphenylemine, No.87, 3941 60 204° 2.2 237 156 219 0.2 2,0
0.25g, MNo Metals (400°)
87,0.25g. AL Ag Cu 8.3. T1 415.10 &0 2042 504 143 9.4 15.3 0.1 1.1
~0.26 .02 .22 -,12 -,08 (400°) .
$40 .38 .52 .18 L1, X
87,0.25g. Al Ag Cu 8.8. Ti 417.1 60 2040 5.,  15.8 10.4 19.3 0.2 1.0
-0.16 .12 .32 .16 .08 . (400%)
210 ,06 .14 .0, .00 ,
87,0.50g. A1 Ag Cu S.5. T1 419.3 60 2042 8.7 14.8 1.1 16.7 0.4 1.3
~0,28=,32~,02 =, 20 ~,10 (400°)
03 ‘36 040 . 3
87.0.25:61% :g Cu 8.8, T4 416,10 48 (zeo: 6.9  24.0 8.5 18.3 N.F. N.F.
R At A R T 500%)
H 0y,
o3
p-Isopropoxydiphenylamine, °
No. 390, 0.25g. 372.9 60 204 6.2 17,2 11.7 20.9 N.D. 2.0
Al ag Cu 8.8 T4 ) (400%)
0.42 W44 80 .24 .18
390,0,25g.A1 Ag Ou 8.8. Ti 373.9 48 232° 2.4 23.3 17.6 18.9 N.D. 3.5
0,00 .32 2,08 .30 ,00 (450°)
390,0.25g.41 Ag Gy 8.8. TL 378.9 36 207 2.6 8L.5 66.2 20.9 N.D. 8.2
0.14 08 .9, .02 .00 (500°)
0
0K, (CHa),
RsR’~Dioctyldiphenylamine,No, 22, 415.8 60 204;’ 4e7 31,5 32.7 8.5 0.04 5.7
0.49g.41 Az Cu 8.8, Ti (400°)
0.10 .16 2.2 .02 Ll
W04 00 .04 .04 ,02 o ,
22,0.49g.41 32 Cu S.8. Ti 416.8 48 260 6.3 5445 39.8 15.4 0.06 9.5
0.1 , 2,92 .64 .10 {500°)
.02 ,08 06 .02 ,04 o
22,1.0g. AL Az Cu 8.S. T4 417.3 48 260 4e8 4345 18,4 7.7 0.05 0.6
0.64 .45 L W18 W42 (500°)
A W04 26 W18 L04
4
00,
(i) (R,
CHg c'u‘
N.D. Not Determined.
N.F. Not Filterable,
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Table 1,, Oxidations in Bis-(2-ethylhexyl) Sebacate {Cont’d)

25 ml Semol.
1dditive, GCL No,,Concentration Run Tine, Temparature Weight Kiuemtic Viscosity Neutrallzstion Ineoluble Percentage
Metals Present and Weight loss, No. Hours oc Loss, Change, %, 00 No. Iacoctane Isooctane

ng/cmz (x) 2 54,5°C 100 Wagh _ Precipitate
N-Methylphenylamine, No. 85,  394.3 60 2040 2.5 23.7 15.4 16.0 0,10 5¢4
-0423g.s HNo Metals . (400%) »
89,0.21.g.1% Ag gz 8.8 1 415.6 60 (Zggz) 48 26 13.3 17.5 0.2 2.5
0.16 14 =0/ =o2% =1
022 .26 .38 .22 .18 o
89,0.21.3.% ﬁ scg S.8. TL  416.6 48 (ﬁo) T 1205 98.5 17.0 0.3 94
=0.16 .14 .88 .3 .12 <
.02 ,10 .06 .00 .04
Gy
OO
Triphenylsmine, No. 88, 0.31g. 1394.2 60 2040 48 62,2 39.6 22.5 0.1 4.0
No Metals . (400%) :
as,o.31¢.316u 6cu6 8.8. T 415.7 60 (zo/,z) 43 58,7 41 12.0 0.1 0.3
0,06 .00 6,36 .04 .02 400
22 ,26 ,38 .22 ,b18 o
88,0.3136 ﬁ lgz g; 352‘ g; 46,7 48 20 7.8 48.0 23.4 20.4 0.07 5.4
*,02,00 .02 .02 .00
(Cely)aN
Phenyl-alpha-naphthylamine, 3937 & 042 1.1 21.9 17.7 T 18.8 0.3 2.5
No. 61, 0.28g., No Metals (400°)
61,0.23%31 35 g; gés. gé 5., 60 (1:%2) 34 25.3 16.2 17.1 0.4 2.4
W04 216 .20 06 .04 o
61,0 zsgag ‘52 0}712 sisz,. gg 416,448 (go) 6.3 2,.9 18.7 14.8 0.3 U4
18 .28 .16 .26 .26
S
N-Phenyl-2-naphthylemine,No.140, 393.8 60 204 2.0 3.5 19.1 - 20.2 0.4 2.8
0.29g., No Metals (400°)
w’°‘28§‘3§ Afo Gils-sig' {é 5.5 60 (1;”6/6:) 3.6 22.4 15.5 19.1 0.2 1.7
12 .16 .32 .1 .10 . ‘
]J.D,O.?Sg.sl 32 ({‘5 Sig' gé Qa7.7 60 (,;’830 : 3.5 20.8 15.8 © 119 0.2 1.6
. 19 . 3 - .
216 .06 42 .18 .12
140,0.28g.,A1 Az Cu S.8. T4 416.5 48 260° 5 465 324 1449 N.F. N.F.
0.04~.12 .86 .16 .02 (500°) .
026 W46 J26 12 .20 .
H
o0
2,22D1pyridylamine,No, 128,0.22g.389.9s 60 zoz.: 4ol 24,7 16.2 189  0.09 0.9
No Metals (400°)
128,0.22g. No Metals 294.88 60 (aoz.g) 3.6 21,0 16.2 17,6 0.1 1.9
400
128,0.22g. Cu washer 389.8s 60 zoz,: 2.8 5.6 2.7 17.0 2.6 0.3
0.88 (400°) .
128,0.22. No Metals 39.7s 60 (%‘;) 43 8.9 18.9 15.7 0.1 21
128,0.22¢, CuWa;}O)er 40158 €0 (zoz.g) 2.7 8.7 5.8 17.2 0.4 0.02
0. 400
m,o.zzg.;% §§_ gg 8.8. f.i 413.55 60 (wzo.:) 3.6 11.0 6.7 15.8 2.2 0.4
~0,58-450~.32 =42 -.
60 W60 .50 .42 .34
H

ZN N N ‘
NI a

K.F. Non Filterable,
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Table 14, Oxidations in Bis-{2-stlylhexyl) Sebacate {(Cont’q)

25m1s-npxe AMr Flov 1 L/Hr.

Additive, CCL No., Concentration, Run  Time Temgerature Weight Kinenatic Viscosity Neutralizlt:lon dnsoluble Percentage
Metals Present and Welght Loss, No. Hours Loass, enge, %, o Isooctane Iscoctsne
ng/om? . ¢ F) % 54.5°c 100 ¢ Wash  Precipitate
2,2'-Dipyridylamine, No. 128, 386,58 24 260° 3.7 17.7 11.8 15.7 0.06 4o
(Gont'd 0.25g. No Metals (500°) :
128,0,22g.,N0 Metals 390.98 2, (aeo:) 6.2 25,7 18,2 18.8 0.09 0.9
500
128,0.25g.5 Cy Washer 386,68 24 X 3.7 18.4 13.5 18.3 2.6 4ol
/ 1.96 (500°) :
128,0,2%., Cu Washer 390.8s 2, zso: 4ol 11.0 6.1 19,0 2.7 0.7 °
1.10 (500°)
128,0.258.400 4 s.5, 11 3%bebs % (?gg:) 34 652 57,6 19.8 0.5 4e3
0,52 .72 1,40 Y. ]
123,0.223.5 11 gu7osis"zo rzo 8l45 48 (500:) 6.0 1544 10.6 15.0 5.1 04
08 .04 .04 .12 .02
S
N,N' ~Diphenyl-p-phenylene~ °
diamine, No. 186, 0,33, 407.5 60 204 C 1.2 12,3 8.8 9.4, 0.2 0.9 -
Recryst. E.K. Blue Lebel. (400°c)
No Metals : °
186,0.34g. No Metals 419.9 60 (zoz.o) 1.7 12.1 2.7 5.9 0.4 1.5
186,0.31.3.2%— ;% gz Sig' g; 422,260 Ua;gég) 8.3 . 2.2 20.3 18.1 0.7 1.9
+22 .30 .36 .16 .22 . _
156,0.3/.8.% {g csg si. '{é A4 60 (1;383°) 5.5 9ol 8.5 5.1 0.1 2.0
‘ .8 208 .16 .06 .00
186,0.34_3.% 22_ g},’ 368° Téo 4221 60 (2832) 6.4 8.8 6.2 449 0.7 0.7
32 .22 .20 .00 .26
186,0. 345.2% .ggz- 82 ;sis' L 46,2 48 (ﬁg) 7.3 19.5 141 14.3 1.5 1.7
18% 1.02'1.0% ~80 <54
HNf‘Hy
NN Cg Hy
g-maiﬂxeny},méuaeg,g.zgi 372.2 60 (fgé':) 4e0 Ll 8.5 19.2 N.D. 2.3
g «Se
0.2 .28 L4202 .04
367,0.23;5;1 22 2026 sgg. gz 373.2 48 (232) 3.0 24 17.8 17.5 N.D. 4ol
032 .64 2,66 .56 , 450
37,0.25. 11 de oo ss 8.2 36 (260:) 22 307 1907 18,0 N.D. 6.3
022 .38 1.20 .34 . 500 .
gi;zl‘;naﬁmthyimineé Nou 3, 453 & (204:) 5.1 25,8 6.7 19.8 0.4 2.8
. u . 400
-0. °2 .16 250 -.04 .00
2.12 .0, .04
383,0. 34_3.;%_ ;.z f},’ s. zg. ,Tj 416.3 48 (?&g) 7.1 2449 18.7 16,7 N.F. N.F.
62 .80 7 46 260
H
Qo0
Ags Rite stalite i, No. 39 372.8 60 (204;’) 32 2.0 19.1 19,2 N.D. 2.1
e25g. AL Ag Cu 8.8. Ti 400
0.2 .34 44d42 422 .20
389,0.25. AL Ag Cu S.S. Ti  373.8 48 232 2.0 32.8 2.7 21.0 N.D. 1.6
0.16 .20 1.42 .36 .06 (450°)
'389'0'25‘6%6 Ag‘ cu42 sés. gi 378.8 3% (25%:0) 3.1 30.0 18.8 21.3 N.D. 1.5
. . . 22 L12
N.D. Not Determined.
N.F, Not Filterable.
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Table 1. Oxidations in Bis-(2-ethylhexyl) Sebacate {Cont?’d)

N.D.

’.D.
N.D.

E.D.

N.D.

N.D.

N.D.

N.D.
N.D.

B.b.

N.D.

N.D.

N.DO

0.7
2.7
1.9
0.3

N.F.

25 ml ow 1
i3HTIve, GCL We.,Concentration, Run  ITime, qumture Welght Kinematic Viscosity Heutraliution
NMetals Present and Weight loss, lMo. Hours Loss, Change, % .

ng/cm2 % 54, 5°C 100
. Age Bite H.P,,No. 388, 0.25¢. 372.7 €0 zo/.°c 2.5 12.9 7.9 16.0
Al Ag 8.8. ™ (400°F)
0.20 .38 1. I V)
388,0.255.11 Ag Cu 8.8. T4 373.7 48 zaz: 2.8 13.4 8.7 16.7
0.0 .18 .72 .0 06 (450°)
388,0.25g.A1 Ag Cu 8.8, Ti  378.7 260° 1.6 2.4 141 15.8
0,16 .18 .74 42 .10 (500°) - _
388,0. 25g.41 Cu 8.8. TL  380.4 : 48 23.4 17.6 18.3
0,40 436 1.32 46 .20 (500°)
Age Rite mpu-, No. 387, 0.25g. 372,6 €0 2042 3.1 143 10.3 15.4
Ag Cu 8,8, T (400°)
o.os 210 42 08,00 )
387,0.25g.A1 Ag Cu 8.8. Ti  373.6 48 232 2.9 13.0 8.2 19.1
016 o“ u56 -24 .00 (‘500)
387,0.250.41 Ag On S.8. TL 376 36 2600 28 224 15.6 17.2
0,32 30 1.06 42 14 (500°) ,
Age Rite Resin D., Fo. 385, o
0.25¢. u Ag Cu 8.8, TL 3724 60 204, 4e2 2.2 20.3 20.4
0.28 .38 .68 .02 00 (400°)
385,0.25g.41 Ag Cu 8.8. TL  373.4 232 2.0 244 18.8 20,2
0.36 o4 o54 26 410 (450°)
385,0.25g.A1 £g Cu 8.8, T4  378.4 ° 2.6 17.9 13.5 1944
0.14 «30 40 o34 .04 (500°)
Age Rite Resin, No. 386 372.5 60 204° 11.2 NoM. N.M, 22.4
0.25g. Al Ag Cu 8.8, Ti (400°)
0,30 .30 L.76 .12 .00
386,0.25g.41 Ag Cu S.8. TL  373.5 232 2.1 56,5 42.5 2.7
0.28 .32 .78 W16 .2 (450°%)
386,0.25.A1 Ag Ou S.8. Ti  378.5 2600 21 3.1 2.2 18.1
0.2 .34 W44 2B .02 (500%)
H-Aminoethylmorpholine,No, 117  389.4 60 2040 2.1 3344 23.2 20.5
0.18g. Mo Metals (400°)
117,0.18g.A1 Ag Cu B.S. TL  389.5 60 04 3.0 21.6 14.8 19.1
: 0,30 42 48 .10 06 (400%)
' 117,0.20g.A1 Ag Cy S.8. TL 3914 60 o 3.6 20.7 17 19.7
0.10 46 o40 W14 .10 - (400°)
117,0.18g.No Metals 390.4 24 260° ‘3.0 22,0 15.9 18.0
) {500°)
117,0.18g.41 Ag Cu S.S. Ti  390.5 24 o 3.5 16.3 10.9 19.7
CHy CHy NHy, (5007)
cic M en
{O/CHL
N.D. Not Determined.
N.M. Too viscous for measurement.
N.F. Not Filterable.
WADC TR 53-293 Pt VIII 51

Iscoctans Isooctane
Wash Precipitate

2.0

3.3

5.7

3.k

1.8

3.2

5.8

2.7

3.5

body

6.6

4.5

6.2

L4

1.3

L.1

3.6

N.F.




Table 14, Oxidations in Bis-(2-ethylhexyl) Ssbacate (Cont’ )

25 m1, le Air Flow 1
zation

Additive, CCL Ne., Coneentration, Rum Time, Tupgrnturo Weight  Kinematic Viacosity Neutrali

Metals Present and Weight Lass No. Hours C Loss Change, %, No. Iscoctane Iseoctane
e ae/ear et toes, %)) £ 5,500 " Jo0%
§-Phenyluorpholine, No., 141, 395.1 60 204 2.5 31,6 21.8 19.8 0.4 2.6
0.2g., No Metals (400°)
141,0.20g.81 Ag Cu 8.8. Ti  389.6 60 204° 4e2 8.8 19.1 2%.5 1.8 1.9
0.20 .32 .88 .08 .12 (400°)
141,0,21g.41 Cu 8.8. T™L  390.6 24 2607 3.7 20.1 4.1 18.1 0.1 4e3
0.32 ,32 .56 .28 ,28 (500°)
Pl
o N
Hy, H,
Ha Sul-BSN-Barium Sulfanate o
Noutral Salt in 50% Di-2-ethyl  408.5 60 204 7.0 33.8 22.7 3%.2 17.5 1.2
hexyl sebacate, Ne. 398, (400°)
0.60g. Ne Metals
298,0.60g. Cu 408.6 60 204° 8.5 547.0 366.0 7.5 N.F, 6.8
(400°) .
100% Cadnium diesyl ° ) ‘
‘dithiocarbamate,No. 399, 410.8 60 204, 1.6 15.4 1.6 eod 0.01 2.4
0,17 No Metals (400°)
399,0.17g.41  Ag Cu 8.8. T1  410.9 60 ,ao/.: 5.0 10.7 744 15.9 0.00 2.0
: 0.22 .28 7.26 .16 .08 (400%)
399,0.49¢.s No Motals 410.7 60 (zoz.:) 1.8 12,5 8.5 12.3 0.03 2.0
400
Crtlg-N-&-Nh-Con-c, vy
cd
4y4’-bisthiopicolinamide °
diphenyl, No. 401, 0.27g. 47.8 60 204, 3.1 1.8 9.4, 11.9 0.2 1.4
o Metals (400°)
401,0,27g. No Metals AT ) WY 40 18.3 12,6 L2 0.6 L5
(400°) .
401,0,27g.,3 Cu Washers 419.2 €0 2040 5.1 20.9 Ld 20,2 0.6 1.2
1.12 0,06 1,04 (400°)
218 1,06 .28 o '
401,0.27g. 3 Ag 417.9 60 204 5.3 18.8 12,1 13.6 0.2 1.2
2,50 2,72 4,02 (400°)
2.92 2,26 1.58 o
401,0.27¢.A1 Az Cu 8.8. T4  415.2 60 . 5.3 32,8 2.4 23.6 0.5 2.1
=0.16 7,18.50 .00 -.32 (400°)
+16 1,18.08 ,14 .3
Phensthiasine, No. 293,0.25g.
and Na Sul BSN (Barium Sulfonste 410.10 60 204° 3.9 18.2 12,1 16.4 0.6 3.4
-Neutral Salt 50% Dispersion) (400°)
0.01g. Al Ag Cy 8.8. Ti
0.02-.06 .04 .00 .04
Phenothiagine, No, 293;0.125g, 410,360 204° 0.6 43 4.9 4e6 0.6 1.5
and Cadmivm Diamyl Dithiocarbamate, (400°)
(100%), ¥o. 399,0.10g. No Metals
293 0,125, and 399 0.05g. 4105 60 2040 5.5 16.8 11.2 20.4 0.3 2.6
Al Ag Cu 8.8, T4 {400°)
0.22 .22,1.96 .04 ,00
293 0,25, and 399 0.05. 410.6 €0 204° 4.9 13.1 8.8 1.3 0.2 2.8
Al Ag Cu S.8. T1 (400°)
0.10 .08 1.32 .04 .08
Phemothiazine, No, 293,0.25g. ° .
and 4,4'-bisthiopicol inamide 4234, 60 204, 3.1 13.9 8.8 12.6 1.4 2.0
diphemyl,No. 401, 0.01g, (400°)
A1 Ag Cu 8.5, T4
0.00 .0, ,28-.08 -,14
W10 .26 .36 .08 .04
293 0.25g. and 401 0,05¢. 7.6 60 204, 3,2 17.2 15,8 18
Al &g cu 8.5, T4 (400°) -6 1.7 .9
0.06 .00 .3, .06 .02
J16 .10 .46 .08 .o,
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Table 14, Oxidations in Bis-(2~sthylhexyl) Sebacate (cont’d)

25 ol

Additive, CCL No., Concentration, Run

Time, Tesperature Weight Kinematic Vigcosity Neutralization

e Percentage

Metals Present and Welght Loss, No. Hours oG Loss, Change, %, o © Noa Isooctsne Iscoctane
_ng/ca? (°R) g 54,5 1007¢
N,N’-Diphenyl-p-phenylenediamine, °
No. 186,0.17g. and 4,4’-blsthio~ 423.2 60 204 3.8 b 16.4 22,1 1.9 2.1
picolinanide diphenyl, Ne. 401, (400%)
0,0lg. Al Ag Cu S.8. T
0.14 .02 -54 008 “0119
W08 .26 .52 .10 .04 o
186 0,17g. and 401 0.03z. 422,45, 60 204, 6.1 149 9.7 12.5 0.2 0.8
AL Ag Ou S.8, Ti (400°)
0.36-00 2%—04-020 =12
. o2, 436 424 22 .32 o ’ . ‘
186 0.,17g. and 401 0.03g. 4231 60 204 3.2 2.3 14.8 12.1 0.8 21
A1 Ag Cu 8.8. T {400°)
0,06-.08 .30 ,06 =.10
.02 .26 W42 L0600 :
186 0.34g. and 401 0.01g. 423.3 0 2042 12.2 8.3 5.3 5.1 1.8 2.5
Al Ag Cu S.8. T (400°)
0.06-.12 .04 06 =14
W04 .20 .20 .04 02
186 0.34g. and 401 0,03g. 422.3 60 2042 8.6 8.1 47 43 0.6 N.D.
41 Ag Cu S.8. Ti {400°)
—0,52~.34~.28 =i12 -,12
232 .38 .50 .20 .12
2-Fhanylbenzoselenazole, No. 300B,
0n32g. and 4,4’'-bisthiopicolinamido, o
diphenyl, No. 401, 0.05g. [15.9 €0 204, 7.3 1544 9.7 12.1 N.F. N.F.
Al Cu S.5. Ti (400°)
0.02 .30 1.50 .02 oé - .
204 .42 .10.02 .
300B 0.32g. and 401 0.0%. 417,10 60 2047 8.4  23.6 15.8 26.2 11.8 0.8 -
A1 Ag Cu 8.8, Ti (400%)
0,12 .22 1.22 .16 .06
.06 .08 .12 .00 .02
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TABLE 15

Acid Behavior in an Oxidation of Bis-(2-ethylhexyl) Sebacate
at 204°C (400°F)

0il Insoluble

: Total 0il Filtrate Isooctane Wash of
System Time, Neutralization Neutralization Neutralization 01l Inssluble Iscoctane Precipitate 04l from Isooctane Filtrate
Hours No. % No. No. Neutralization % Neutralization Neutralization

o, & do, —Jio,

No Additive 24 14.9 1.5 10,5 12,9 0.06 47 0.10 50 Tod,

No Additive 48 18.9 2.7 17.0 18.1 0.05 64 0.63 40 12,7

No Additive 60 2.8 17 19.5 ook, 0.07 48 2.1 57 Lok

0,5%

Phenothiazine 24 2.0 2e4 3.0 1.2 0.49 N.D. 0,22 15 1.2

0.5%

Phenothiazine 48 2.7 2.8 3.7 2.3 0,61 3.2 0.48 17 2.0

0.5%

Phenothiazine 60 5.9 3.0 8,6 542 0.77 be7 0.50 27 3.2

1.0% |

Phenothiazine 2/ 2.1 3.3 3.0 1.5 0.93 2.8 0454 13 1.?

1.0% .

Phenothiazine 48 3.1 3¢7 Se4 24 1.2 2.7 0.48 18 1.5

1.0%

Phenothiazine 60 3.7 3.8 542 2.8 1.3 2.9 0.62 13 1.6

2.08

Phenothiszine 24 2.3 4.0 365 1.3 1.9 3.2 144 7.2 1.0
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TABLE 16

Behavior of Insolubles in Oxidlized Bis—(a-ethylhexyl) Sebacate

Add_ftive, CCL Ne., Concentratien, Run Time, Temperaturs Kinematic Viscesity Inseluble Percentage

Metals Present and Weight Less, Ne. Hours :C Change, %, ° 011 Iseectane Acetone Iseectane
a2 (°r) 54,.5%C 100°C Wash Wash  Precipitats
Nene, Ne Metals 3831 2, (23[6:) 2.0 15,00 1.22 0.00 0.00 0.10
4
Nene, A1 Ag Cu S.S, Ti 388.3 24 204* 2.8 8.2 1.62 0.00 0,00 0.10
0.02 0,10 .24 0.00 0,00 (400°) '
Nene, Ne Metals 388.2 48 (fgé:) 50.0 30,0  1.65 0.00 0.00 0.10
Nene, Ne Metals 389.1 48 (zgg:) 57.0 37.4 115 . 0.02 0.00 1.76
A4 .
Nene, A1 Ag OCu S8.5. Ti 388.4 48 2040 47.2 32,0  2.22 0.04 0.00 2,66
0.04 .10 .20 .00 .02 (4007) ,
Nens, Ne Metals 389.2 60 aoz,: 58.4 36,6 140 0.03 0.00 2.73
(400%)
Nene, Ne Mstals 391.1 60 (283:) 60.6 38,2  1.23 0.06 0.05 N.D.
Neme, 41 Ag Cu S.8. T3 391.2 60 aoz.: 68.5 45.0 0,78 0.06 0.04 4e23
0.12 .2, .98 .04 .04 (400°) ,
Phenethiszina, Ne. 203, 0.125g.  408,1 60 204: 7.3 5.0 3.35 0.58 0.48 0,47
Ne Metal (400%)
293 0.25g., AL Ag Cu 8.5, Ti 388.6 48 201.: 1049 77 492 1.76 1.42 1.37
0.00 .20 A4 06 -406 (400") ‘
293 0.25g., Ne Metals 3887 60 (éoz,:) 6.0 3.9 3.61 1.36 1.07 0.60
400
293 0.25g., Neo Metals 388.5 48 (1?8[6:) 4.9 3.3 3.53 1.16 ¥.D. 0.43
293 0.25g.,Ne Metals 389.3 €0 (zo/.:) 8.3 3.2 4.93 1449 1.20 0.76
400
293 0.25g., Ne Metals 399,10 60 (zo/.:) 5,1 3.3 297 1.8 1.03 0.57
400,
293 0.25g.,01 Ag Cu 8.5, TL 4083 60 204, 13.6 B 251 0,33 0,23 .11
~0,68-,76 06-0,66-0,7/ (4007)
293 0.25g.,A1 Ag Cu S.8. Ti L3 60 2049 18.0 1.9 5.63 2.08 1.56 1.23
0,10 42 .66 .00 .06 (4007)
293 0.25g., Ne Metals 390.3 24 (?38:) 18.9 12,5 12.7 5,40 256 1.94
293 0.25g.,A1 Ag Cu S.S. Ti 383.5 24 260 13.5 8.8  6.38 3.00 2,77 0.96
0.22 7, 78 .22 .0 (500°)
203 0.25g.,AL Ag Cu S.8. T 3872 2% 260, 12,7 8.5 6,40 27 243 0.97
0,12 46 o4h 04 402 (500" )
293 0.25g.,A1 Ag Cu S.S. Ti  384.5 aso: 149 9¢4 6,60 3425 2,93 0.64
0010 ,42 .82 .02 .08 (500°) _
23 0.25g.,A1 Ag Cu S.5.- TL  385.5 48 260, 33.8 224 1239 9.02 8.79 1.9
002, .60 1.46 (18 .00 (500%)
-, Ne. 360 4.5 60 204° 19.0 13.0 2,7 1.02 0.87 1.04
0.23g., No Metals (400°) ‘
360 0.23g., Mo Metals 403.5 60 (zoz.:) 15.4 11.2  3.06 0,56 0.36 1.87
400
360 0.233., Cu 403.6 &0 204 4.1 10,0 468 1.01 0.72 2,50
-0.08 (400°) R
360 0.24g., AL Ag Cu S.5. Ti 389.7 60 204° 16.3 10,7  3.42 1.2 1.08 1.00
0.20 .28 .26 .04 .02 {400°) :
360 0.242.,A1 Ag Cu S.8. Ti  39..5 60 aoz.: 19.5 13.3  3.30 0.88 0.7, 1.11
) 0,16 450 .22 .06 .12 : (400")
360 0.25z.,AL Ag Cu S.8. Ti 372,10 60 204° 19.6 13.6  N.D. 2,46
0.32 .56 .36 ,16 .10 (400°)
360 0.25¢.,A1 Ag Cu S.5. T4  373.10 48 (232:) 10.9 6.1 KoD. 2.96
450 -

0.10 .24 .50 .26 .00

N.D. Not Determined.
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Table 16, Bshavior of Insolubles in Oxidized Bis-(2-ethylhexyl) Sebacate (Cont’a)

0,26 .82 1.60 .64 .56

N.D. Not Determined.

WADC TR 53-293 Pt VIII
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Additive, CUL Ne., Concentratien Run Tics, Teugernture Kinematic Viscosity 1 ercentages
Metals Preseat and Weight less, Ne. Heurs oC Change, %, . Iseoctane Acetenes Iseectane
ng/cm? (°r) 54, 5°C 100°¢C Wash Wash _ Precipitaete
Einiediphenvlening, Jo. %0 0.7 2% 2%0° 0.1 59 7.60  2.53 2.23 1.68
0.2%g., AL Ag Cu 8.S. Ti (5007 ;
0.32 .32 .56 .28 .28
360 0.25g.,A1 Ag Cu S.5. Ti 3814 24 aso: 10.5 4.9 N.D. 3.30
0.12 1.02.52 .22 -,04 (500°)
360 0.25g.,A1 Ag Cu S.S. T4  380.2 36 20" 17.0 9.9  N.D. 2.91
0,26 .21 .52 .36 .12 (500°)
360 0.25g.,A1 Ag Cu S.S. Ti 378,10 36 20° 7.7 49  N.D. 4e48
0.2 1.10 .66 70 ,02 (500*)
360 0,25g.,A1 Ag Cu 8.5. T4  38L.5 36 ° 9.0 5.5  N.Da 3.12
0.16 1,12 .80 .58 .30 - (500°)
360 0.50g.,A1 Ag Cu 8.8. Ti  380.3 36 2603 7.8 46 N.D. 3.09
0,36 1.20 1.4 .96 .26 (500°)
360 0,50g.,A1 Ag Cu S.S. TL 38L.7 36 260" 8.1 4e2  N.Da 2.77
0,22 1.54 .86 .96 .10 (500°)
360 0.25g.,A1 Ag Cu 8,S. Ti  38L.6 48 S 12.1 7.4 N.D. 4l
28 .94 1.08 1.02 .08 (500%)
Di-2-nsphthylanine, No. 383, .
0.25g., A1 Ag Cu 8.8. T 372.3 &0 204, 16.8 9.9 N.D. 2.93
0,14 .24 1.02 .18 ,16 (400°)
383 0.34g., Ne Metals 395.10 60 (204:) 28,4, 8.8 2.40. 0.62 0.12 22
400
383 0.34g., Ne Metals 4031 60 (zoz.:) LA 17.3 LT3 1.2 0.00 2.9
: e
383 0.34g., Cu 403.2 60 204 20.0 13.2 27 0447 0.25 3454
0.58 (400%)
383 0.25z., AL Ag Ou S.5. T4 373.3 48 232° 21.1 14.2 N.D. 3.50
0:22 .32 1.34 46 16 (450°)
383 0.25g.,A1 Ag Ou S.8. Ti  378.3 36 zeo: 33.6 23.2 N.D. 7.50
0.20 .64 1.28 .2, .02 (500%)
Phanothiszine, Ne. 293, 0.12g., o
N-asineothylserpnelime, Ne. 117, 386.7 24 2605 10.5 6.5  5.33 2.60 2.38 0.57
0.12g. Al Ag Cu S.S. Ti (5007)
0.04 .58 .56 .24, .08
293 0.12g., 117 0,12g. o
AL Ag 8.8. Ti 386.8 2, 260 22,8 14.8 11,2 2.66 2.31 - 0.79
0,22, 50 .30 .06 (500°) .
293 0.25g., 117 5 dreps
Al Ag Cu S8.8. T4 383.6 2, 260° 7.2 bel 744 41l 3.66 0.48
0,30 .98 .80 .38 .16 (500°%)
293 0,25g., 117 5 dreps 846 2% * 4l 2.4 6.87 3.58 2.68 0,35
Al Ag Cu 5.5, Ti (500°)
0,10 .40 .38 .08 .00
293 0.25g., 117 5 dreps 385.6 48 % 10.2 6.5  5.40 2.87 2.60 0.59
Al Ag Cu S.5. Ti (500°)
0.22 1.08 1.22 .50 .44 ,
azine, Ne. 293, 0.12., .
= Ne. 141, 383.7 2 260° 10.0 5.9  4.75 2.38 2.87 0.76
0.12 g, Al Ag Cu S.S. Ti (500%)
0.42 1.06 1,04 .60 .50
293 0.12g., 141 0.12g. 384.7 2 * 9.1 5.1 4.36 2.19 1.88 0.70
A1 Ag Cu s.5. Ti (500°) :
0.36.60 .36 ,2, .10 :
293 0.12g., 141 0.12%g. 385.7 48 260° 17.7 10.7  6.43 2.49 2,20 1.49
Al Az Cu S.8. Ti (500°)



Table 16, Behavior of Insolubles in Oxidized Bis-(2-ethylhexyl) Sebacate (Cont’a)

Additive, CCL Ne,, Cemcentratien, Run Time Tenpenture K:anntic Vigcesity Insoluble Percentage ‘

Metals Present and Welght less, Ne. Heurs Change, %, . 0i{1 Iseectans Acetene Iseectane
ng/cm? (‘F) 54,4 5%C 100%c Wash Wash  Precipitate

FPhensthigzine, Ne. 293, 0.12z. ° :
p-Aninediphenylaaine, Ne. 360, 382.4 2% 260 11.4 5.2 1.8 2.3 2,02 2.37
0.12g., AL Ag Cu S.S. Ti (500°)

0.38 .76 .68 .28 0L
FPhenethiazine, Ne. 293, 0.10g.,
p-Aminodiphenylamine, Ne. 360, o :
0.10g., N-Anineethylmerphelins,  388.9 60 . 204 5.5 4l 3.16 0.89 0.69 0.55
Ne. 117, 5 dreps (400°) ,

AL Ag Cu S.8, Ti
0,02 ,34 .08 .00 ,02

293 0.10g.,360 0.10g., 117 87,3 2 2607 2%.7 15.3  10.06 3446 2.98 0.7
5 dreps, Ne Metals : (500%)
293 0.104., 360 0.10g., 117 3874 2% 260° 6.3 3.8 7.53 0.38 2.75 0.36
5 drops A1 Ag Cu S.S. Ti : (500°)

0.04 .66 60 .16 ,00
Phenethiazine, Ne. 293, 0.10z.,

p-Aminediphenylagine, Ne. 360,

0.05g., 2,2’-Dipyridvlanine, o ’

Ne. 128, 0.05g., snd N-~agine- 388.10 60 204 5.8 3.9 JAYAS 1.4 0.92 0.71
e_t_ny;m_-m.mm-. 117, 5 dreps (400°)

Az Cu S.5. Ti
o.oz, A28 06 .06 -.18

293 0.10g., 360 0.05g., 128 R

0.05g., 117 5 drops B/7.5 2 260 5 10,3 6.04 2,76 . 246 0,57

lio Metals . : (500°) ) ‘

293 0.10, 360 0,05, 128 0.05, °

117 5 areps 387.6 2% 260 5.0 2.7 5.3% 2,59 2.41 0.35
Ag Cu S.5. i (500°) -

0.12 .64 .58 .30 .00

Phenethiagine, Ne. 203, 0.05g.,
p-Aninediphenylaaine, Ne. 360,

0.05g., 2.2'=Dipyridvlanine, 8T 2% 2600 20,5 155 1112 3.85 3,03 115
No, 128 0.05g., n-_lib_exle&gmhs.linh (500" )

Ne, 141 0,05g. A1 Ag Cu S.5. Ti
0,00 +34 .38 .12-.06

23 0.85g., 360 0.05g., 128 0.05g., °
141 0.05g., 117 5 dreps 387.8 24 260 A beb  7.58 3.30 3.00 0.63
M Az Cu S.8. T (500°) .

Q06 .36 .28 .04 .04
Phenethiazine, Ne. 293, 0.12g.

Di-2-paphthylamine, Ne. 383, 382.3 2% 260° 20.6 4.5  5.02 1.55 1,28 3.38
0.12g., Al Ag Cu S.,8, Ti (500°)
0.06 ,60 .80 .02 .2
293 0.06, 383 0,07, 360 0.12g. 382.5 2 260° 12.8 7.9 5,97 2,44, 2.12 10.79
Al Ag Cu S.5. Ti (500°) :
012 W8 46 .36 .32
Zhngﬁhiumlh- 23, 0.25g.,
Ri-2-ethylhexyl hydrogen '
hosphite, No.101, 5 dveps 82.8 2% 260, 58.0  45.0 Bot Pilterable
Al Ag Cu S.S. Ti (500°)

0.0} .28 .7, -,08 ,08
Ehcpsthiezine, Ne. 293, 0.125g,,

Barium Sullenate Neutral Salt, 407.3 60 - 204 2.2 VAL R 1.22 0.81 1.35
Ne. 398, 0,10g. Cu 1.28 (400°) :

293 0.25g., 398 0,10g. 4074 60 08° 13.5 10,0 2.76 0,41 0.31 1.32
Cu 0.36 {400%)

293 0.25g., 398 0.10g. : 408.4 60 204° 12.8 8.8 2.87 0.50 0.38 1,02
Al Az Cu S.5. Ti (400°)

=~e64~.T6 422 -.68-,82
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Table 16. Behavier of Insolubles in Oxidized Bis—{2-ethylhaxyl) Sebacate (Cont’d)

Additive, CCL Ne., Cencentratiem, Run Time Telperutm'e Kinematic Viscesity ubl
Metals Present and Weight Less, e, Heurs .c Change, %, 011 Isesctane Acetone Iseectans
ng/cm? (°F) 54.5"C 100%c Wash Wash  Precipitate
Ne. 293, 0.25g. .
Ne. 379 382.6 2, 260 5448 39.6 Nt Filterable 2.29
0,05g., Al Ag Cu 8.8. Ti (500%)
0.08 .50 .72 .12 .02
ﬂlﬂﬂhﬂm Ne. 293, 0. a)8~ L.
ﬁ___na_mb&hm-. Ne. 373, 382,7 2, 2607 1.1 8,7  6.53 1.75 1.56 1,97
0.05g., A1 &g Cu 8.8, Ti (500%)
0.06 .86 .82 .38 ,00
Ne. 293, 0.06g.,
R-Aminediphenylaaine, Ne. 360,
0.06g., -,
B, 279, 0.03¢., Stanneua 38210 2% 2607 13.1 8.2  5.53 1.33 1.16 1.70
m__m_g_, Ne. 373, 0,03 g. (500%)
lo. 101, 5 dreps
Al Ag Cu 8.8, Ti
0,20 1,04 1,72 .92 .46
p-Aninediphenvlamine, Ne. 360, °
o.1zg., p-Aninsethylime m)_a eline, 391.6 60 204, 21.5 15,0  3.17 1,10 0.90 1.13
Ne. 117, 0.10g. (400°)
Al Ag Cu 8.8, T4
0.16 .42 .32 12 .04
prAminediphenylanige, Ne. 360, . :
0.12g., Di-2-naph 383.9 2 2607 10.2 40 6,87 3.14 2.85 0.6
Ne. 383, 0.12g. No. 117 5 drops, (500%)

Al Ag Cu S.8. Ti
0.18 1.10 .94 .46 .14

R-Aminediphenylamine,Ne » ,
o.TE_d‘E‘E., E-Anim!etl_:xlmggholgg, 3849 2 260° 111 5.5  4.88 2.32 2.09 0.74

Fe. 117, 5 drops, Di-2-naphthyl- (500°)
anine, Ne, 383, 0.12g.

AL Ag Cu S.8. T4
0.06 .56 +40 .04 ,02

360 0.12g., 117 § dreps, 385.9 48 260 12.8 6.6 7.82 3.0 27 0.92
383 0.12g AL Ag Cu S.8. Ti (500%)
0 .26 1.3 .82 .52 .00

R-Aminediphenyladine, Ne. 360,
g-OSgés D.g.%;_mh_mm
0. «05gs, n-Amineethyl-

ine, Ne. 117, 5 dreps, 3879 2 260, 13.6 10,6  11.43 3.64 3.18 0.71

s e, No, 128, (5007) .

0.05g., p-Phenylmerpholine, Ne.l4:,
0.05g., A1l Ag- Cu S.8. T4
010 .30 .36 .06 ,00

d-Anineethylmerpheline, Ne. 117, .
0.10g., 2;2’_-Dj.pnidxlm1na,,0 11g. 391.8 60 2042 20.4 4.7 6,01 3.75 3.12 0.82
Ne. 128, 0,22 (400°)
17 0.10g., 128 0,11g.
g Cu 8.5, Ti 391.7 60 204° 19,2 12.7 462 2.52 2,01 0.55
0.18 4B .64 14 .22 (400°)
ngacmn_mm Ne. 383,
o10gey D= eoth: heline
Ne. 117, 5 dreps, N~-Phenyl~ 387,10 2, 260° 10.8 7.0 8,75 3.18 2,78 0.81
maxpheline, Ne. 141, 0.10g. (500°)
AL Ag Cu S.85. T
006 .68 .48 .10 .04
prAninediphenylamine, Ne, 360,
0.25g., 2= °
Ne. 101, 5 dreps 382,9 24 260, 22,1 13.0 8.12 2.92 2,54 2,04
Al Ag Cu S.8. Ti ! (500" )

Q30 .28 .66 .48 ,06
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Table 16, Behavior ef Imsolubles in Oxidized Bis-(z;ethylhml) Sebacate (Cont’d)

Additive, CCL MNe., Concentraf.ion, Run Time, Temgeruture Kinematic Viscesity selub
Metals Present and Weight Less Ne. Heurs c Change, %, 0i1 Iseectane Acetene Isesctane
ng/cn? (°F) 54,5%C  100°C Wash Wash Precipitate

p-Aminodiphenylamine, Ne, 360, )
0.12, Di-2-ethylhexyl hydorgen .
phesphite, Fe. J8Z, 5 dreps, 383.8 2% 260. 12.6 7.0 472 1.86 1.58 0.97
Di-2-naphthylamine, 0.12g.?Ne. 383. (500%)
Al Ag Cu 8.5, Ti
0.32 .88 1,22 .72 .10

p-Aninediphenylaaine, Ne. 360, :
0.12g., Di-2-sthylhexyl hydregen o ‘
phesphife, No. I0I, 5 dreps, 384.8 2% 260 13.5 7.3 4edb 1,89 1.64 0.88
Di-2-nephthylemine, 0.12g.,No. 383. (500%) :

AL Ag Cu 8.5, Ti
0,02 .10 .84 .22 .00

360 0.12g., 101 5 dreps, 385,8 4B 260: 45.5 29.3 15.3 3.40 2.51 3.45
383 0,122., AL Ag Cu S.S. Ti (500%)

A1 Ag Cu S.8. T
0.00 ,16 .64 .02 -.18

p-Aminodiphenylenige, No. 360,

0.10g,, Di-2~sthylhexyl hydregen

phesphite, Ne, 101, 5 dreps, ° :

Di-2-naphthylamine, Ne. 383, 383,10 24 260 11.3 6.1 470 1.67 0.98 0.92
T hthenat :

No, 373, 0.05g.
Al Ag Cu S.5. Ti
Oohde oT6 1a24 482 W44

360 0.10g., 101, 5 dveps, ,

383 0,10g., 373 0.05g. 384.10 2% 260° 15.7 9.4 477 1.98 1.71 0.95
Al Ag Cu 8.5, Ti (500") :

0.38 W40 .76 16 .00

360 0.10g., 101, 5 dreps,

383, 0.10g., 373 0.05g. 385,10 48 260° 19.5 12,7 1.8 2.1 1.81 1.46
Al Ag Cu S.S. T4 (500°) '

0408 ,80 2.28 .64 12 ‘
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APPENDIX II. Code Numbers, Names, Index To Page Numbers and Source of Supply
' of Additives and Fluids

(Number in parenthesis refers to Part Number o
following is the Page Number in the Part).

CCL No,
3
5

6a‘

10B
16
17

18

22

23
44
52

53
54

57
58
61

WADC TR 53-293 Pt VIII

Compound
Phenothiazine

N-Methylphenothiazine
Thianthrene

Phenazine
N-Butyl-p-aminophenol
Disalicylalpropylenediamine

2’,2’~Methylene-bis- (4~methyl-6-
t-butylphenol
Propyl gallate

RsR’-Dioctyldiphenylamine

2,6~Di-t-butyl-4~methylphenol
2, 5-Di-tert~butyl-hydroquinone
Diphenylamine

Carbaszole
Phenothioxine

Acridone

Xanthone
Phenyl~glpha-naphthylamine

Index

(VII) 36,52,59

(VII) 52,55,59
(VIII) 43,47

(vii) 37
(VIII) 18

(ViI) 35
(VII) 60
(v1I) 30
(VIiI) 38,53,56,59

(vi1) 6o

(VII) 27,28,42,43,
(vﬁl)s%e,l.s
(viI) 38

(VII) 38,59

(VII) 27,49
(VIII) 43,47

(VII) 34

(viI) 37
(VIII) 16

(V11) 3%
(V1) 37,38,47,50

f WADC TR 53-293. The number

Source
Eastman Kodak Co.
E. I. duPont de Nemours

md CO. i
CCL Synthesized

E. I. duPont de Nemuurs
andCO.

E. I. duPont de Nemours
and Co.

E. I. duPont de Nemours
and Co,

E. I. duPont de Nemours
and Co.

American Cyanamid Co.

Heyden Chemical Co,

B. F. Goodrich
Chemical Co.

Enjay Co., Inc.

Tennessee Eastman Co.

Eastman Kodak Co,

The Mathasbn Co.
The Matheson Co.

The Matheson Co.
The Matheson Co.

(VI1) 27,43,49,55,61 Shell Development Co.

(VIII) 17,39,41




CCL No.

82

87
88

89
97
105

106

108
112
117

122

124
128

132
133
140

41

Compound

Acridine

2=-Nitrodiphenylamine
Triphenylamine

N~Methylphenylamine
Quinizarin
2~-Amino-3-methylpyridine

2-Amnino~j~methylpyridine

1-Cystine
Triethanolanine
N-Aminoethylmorpholine

N, N’-Di- (p-acetylaminophenyl)

ures

Tetraethylthuiram disulfide

2,27-Dipyridylamine

Phenyl sulfide
Phenyl sulfoxide
N-Phenyl-2-naphthylamine

N-Phenylmorpholine

WADC TR 53-293 Pt.VIIL

Index Sourca

(VII) 34,35,42,44,  The Matheson Co.

46549,52,55,65
(VIII)21,24,26,27,30,
- 33,37,39,41,42,
49
(vi1) 28 American Cyanamid Co.
(VIII) 20,48
(VII) 28,43 Eastaman Kodak Co.
(VIII) 49 o
(VIII) 49 Eastman Kodak Co.
(vi1) 38 Eastman Kodak Co.
(VII) 32 Reilly Tar and
Ghemica.l Co.
(VII) 32 Reilly Tar and
Chemical Co.
(viiI) 18 Eastman Kodak Co.
(viI) 9 Eagtman Kodak Co.
(VII) 9

(VIII) 26,27,51,58 Carbide and Carbon
Chemical Division
Union Carbide and
Carbon Corporation

(vi1) 36  CCL Synthesized

(VIII) 19 Monsanto Chemical Co.

(VII) 32,33,34,42, Reilly Tar and
Lhy 46949, 51, Chemical Co.

55,58,61
(VIII)17,24, 26,31,

33,38,39,42
(VIII)16 . Eastman Kodak Co.
(VII) 37 Eastman Kodak Co.

(VII) 27 Euﬁnn Kodak Co.
(vIII) 49

(VII) 30,45,49 Eastman Kodak Co.
(VIII)31,34,52

61



CCL No.

L6
155
156
159
160

161

163

164

177
182
186

199
207

21l
22
213
220
247

250
251

Compound
p-Aminoacetamilide
2,2’-Bibenzothiazole
2,2°-Dithiobis-(benzothiazole)

44’ ~Thiobis(6-%~butyl-g-cresol)
N,N’~Diphenylthiourea

Piperidinum-l-piperidine
carbodithioate

Diphenylguanidine

N-Cyclohexyl-2-benzo
thiazolesulfenamide

494’ ~Dithiodimorpholine

Benzimidazole

5-Amino-1-naphthol

N,N’ -Diphenyi—g—phenyl ene-
diamin

.
2-Amino-4- (p-diphenyl) thiazole
6=-Amino-2-mercaptobenzothiazole
2-Methylmercaptobenzothiazole
N-Ethyl-l-naphthylamine
N-Methyl-l-naphthylamine
2-Methylbenzothiazole
N—Bmzqyldiphenylamine

Diphenyl-3-pyridyl phosphate

1, 3-Di-p-butyl-2-thiourea

g-Diphenylurea

WADC TR 53-293 Pt VIII

Index
(vir) 3o
(vir) 37
(VIII) 19

(VII) 60
(Vv1II) 19

(viI) 36
(VIII) 20

(vi1r) 20

(VIX)36,46,49

(VIII)24,26,27,30,
33

(VIII) 19

(vir) 37

(VIII) 20

(vi1) 35

(VII) 29,43

(VII) 43 .
(VIII) 21,44,50,53

(VIII) 20
(VIII) 19
(VIII) 18
(ViI) 2
(vi1)
(VIII) 17
(Vi) 29
(VII) 38,54

(vII) 36
(ViI) 36

Source
Eastman Kodak Co.
CCL Synthesized
Monsanto Chgmical Co.

Monsanto Chemical Co,
Monsanto Chemical Co.
Monsanto Chemical Co.

Monsanto Chemical Co.

Monsanto Chemical Co.
Monsanto Chemical Co.

Eastman Kodsk Co.
Eastman Kodak Co.
Eastman Kodak Co.

East.maﬁ Kodak Co.
Eastman Kodak Co.
Eastman Kodak Co.
Eastman Kodak Co,
Eastman Kodak Co.
Eastman Kodak Co.
CCL Synthesized

Southwest Research
Institute

Eastman Kodak Co.

Matheson, Colemean
and Bell




CCL No,

254

255
256
257
260

. 261
262
264

271
282PCA
PCB
292
293
296
299

300B

303B
307
308
3

318

Compound

1, 5~Diaminoanthraquinone

2,6=Diaminopyridine
2-Quinolinol

8-Quinolinol
N, N’~-Di-2-naphthyl-p~phenylene-
dianine

1-Nephthylamine
2-Naphthylamine
Chrysazin

Dilauryl selenide

Phenyl selenide
2,6-Ditertiary butyl-4-methyl-
phenol

Phenothiazine (Distilled)
Phenoselenazine

2-Phenylnapthc (2,1) thiazole

2-Phenylbenzoselenazole

0,0’-Dinitrodiphenyl diselenide

Index
(viI) 3o

(ViI) 34

(VII) 32

(VIiI) 32

(VII) 31,43,45,51,58

(VIII)23,24,25,27,28,
29’35’36’39’41

(VII) 29,48

(VII) 29,49

(viI) 38

(ym) 17

(V11)37,47,48,52,56

(VI11)16,37,38,39

(VII) 53,57,60

(VII) 36,52,55,59

(v1n)2;.,52,54,56,57,
5

(VII) 53,56

(VIII) 19

(V1I1)37,47,48,53,56
(VIII)17,24,26,27,37,
38,40,54,55

(VIII) 19

Di-(2-hydroxy-1-naphthyl) selenide (VIII)18,38,40

1,4,2-Benzoselenazin93-one
2,2’-Dibiphenyl diselenide

N-Phenyldibengylamine

WADC TR 53-293 Pt VIII

(VII) 53,56
(VILI)38,40,46

(VIII) 16

(viI) 28

63

Source

Matheson, Coleman
and Bell

The Matheson Co.
Eastman Kodak Co.
Eastman Kodak Co.

Eastman Kodak Co.

Eastman Kodak Co.
Eastman Kodak Co. -

General Aniline and
Film Corp.:

California Research
Corp.

Eastman Kodak Co,

Tennessee Eastman Co,

CCL Synthesized

Peninsular ChemRegearch,
Inc, '

Peninsular ChemResearch,

Inc.:

Peninsular ChemResearch,
Inc,

Peninsular ChemResearch,
‘ Inc.

Peninsular ChemResearch,
Inc,

Peninsular ChemResearch,
Ine,

Peninsular ChemResearch,
Inc,

Eastman Organic
Chemicals




CCL Mo,
319

320

32a

322

323

32

326
3z
330
332

342

343

345

348

349

350

351

Compound
Dilauryl diselenide

Benzyl sulfide
Benzyl disulfide
Phenyl disulfide
Diphenyl diselenide
Morpholine diselenide

Diphenylguanidine phthalate

Diphenylguanidine
Zinc diethyldithiocarbamate
Thiocarbanilide

N,N’~Diphenylbensidine

N-Phewlphthn.linide |

1, 5~-Dihydroxysnthraquinone

p-Hydroxy-p-methylacetanilide

N,N’-Ethylenebisbenzanide

4y4’-Dihydroxybiphenyl

N, N’~Di-(p-methyl )-p-phenylene-
diamine

N-Phenyl-N’-(p~methylphenyl )-p-
phenylensdiamine

p-phenylenediamine

N,N>~Dicyclohexyl-p~phenylene~
diamine

WADC TR 53-293 Pt VIII

Index
(VII) 48

(V1II) 18
(VIII) 17
(VIII) 19
§VII) 48

VIII) 17

(viI) 37,53,56
(VIII) 17

(VII) 36
(VII) 36
(VII) 47
(VII) 44,46

(VIII) 36
(vi1) 29,58
(viI) 36,58
(VII) 38,61
(ViI) 51,55,61
(V1) 58

(V1I) 61

(VII) 31,44

(ViI) 21

N, N*~Di~(2-methyl-3~chlorophenyl)- (VII) 32,46,50

(V111)29,32,36

(vi1) 31
(VIII) 25,27

Source

Peninsural ChemResearch,
Inc,.

Eagtman Organic
Cheaicals

Eagtman Organic
Chemicals

Eastaan Organic
Chemicals

Eastman Organic

Chemicals
Monsanto Chemical Co.

Monsanto Chemical Co.
Monsanto Chemical Co.
Monsanto Chemical Co.
Monsanto Chemical Co.
Eastman Organic
Chemicals

Eastman Organic
Chenticals

Eastman Organic
Chemicals

Eastman Organic
Chemicals

Eastaan Organic
Chemicals

Eastman Organic
Chemicals

E. I. duPont de Nemours
and Coey Jackson Lab,

E. I. duPont de Memours
and Co., Jackson Lab,

E. I. duPont de Nemours
and Co., Jackson Lab.

E. 1. DuPont de Nemours
and Co., Jackson Lab,




CCL No.

352
354
356
359
360

365
367
369
370

371

372

373

37
375

3m
378
379

Compound
N,N’~Diphenyl-1,/~benzoquinone-
diamine
DPiphenyl-di-p-biphenylsilane

Triphenyl-p-phenylsilane

p-Nitrosodiphenylamine

p-Aminodiphenylamine

Triphenylphogphite
o~Aminodiphenyl

2,6-Di-tert-butyl phenol

Index
(VII) 32,44

(vi1) 38

(ViI) 39
(viii) 21
(viI) 28

(VII)28,43,45,49

(VI11)26,27,31,32,

345 36,43,44,
47,48,55,56,
58,59

(VII) 38,47,50,54
65

(VIII) 44,50

(v11)53,56,60

Ly4? -Methylene-bis-2,6~ditertiary (VII) 47,53,56,59

butyl phenol

(VIII) 21,46

4~Hydroxy-3,5-di-tert-butyl benzyl (VII) 45,48,51,55,

dimethylamine

2,4-bis~ (phenylmercapto) toluene

Stannous naphthenate

Ferrocene

Morgan’s Base (Dibenzoacridine)

Thianol

Lithium salt of Thianol

Vanadyl-2-ethyl hexoate

WADC ‘TR 53-293 Pt VIII

65

58,59
(VIII)8,39,42

(VII) 52,56

(VIII) 20,31,34,46 v

(vII) 28,47,54,57,

(viII)36

(VII) 39,47,54,57,
60

(viI) 35

(VIII) 30,33

(viI) 60

(viI) 6o

(VIII) 24,46

Source

E. I. duPont deNemours
and Co.

Wright Air Development
Center '

Wright Air Development
Center

Hercules Powder Co.

Hercules Powder Co.

Eastman Kodak Co.
Matheson, Coleman and
Bell

Wright Air Jevelopment
~ Center

“Wright Air Development

Center

Wright Air Development
Center :

Wright Air Development
Center
Thermit Corp. Research
Laboratory
Wright Air Development
Center

CCL Synthesized

CCL Synthesized

CCL Synthesized

Wright Air Development
Center



CCL No,

383

385

386

387

388

389

390
395

398

399

401

Compound

Di-2-naphthylamine

Age Rite Resin D

(a polymer of trimethyldihydro-~

quinoline)
Age Rite Resin

(a condensation product of aldol
and alphg-naphthylamine) .

Age Rite Hipar

(50% phenyl-hetg-nephthylamine
20% N,N’-diphenyl-p-phenylene~
diamine and 30% p-isopropoxy-

diphenylamine)
Age Rite H.P.

(67% Phenyl-beta-naphthylamine,
33% N,N’~-diphenyl-p-phenylene~
diamine)

Age Rite Stalite H

(Di-octylated-p-phenylene-

. diamine)

R-Isopropoxydiphenylamine
Copper sebacate, 2,2’-Dipyridyl-

amine Complex

Na Sul BSN-Barium Sulfate
(Neutral salt in 50% Di-( 2-ethyl-

hexyl) sebacate)

Cadmium diamy) dithiocarbamate

(100%)

Index

(VIII) 24,31, 34,44,
45,50, 56,58

(VIII) 45,51
(VIII) 45.51

(VIII) 45,51

(VIII) 45,51

(VIII) 45,50

(VIII) 44,48
(V111) 37

(VIII) 52

(VIII) 20,52

4y4’ -Bisthiopicolinamido diphenyl (VIII) 21,52

WADC TR 53-293 Pt VIII

Source

American Cyanamid Co.

B. F. Goodrich .

B. F. Goodrich Co.

B. F. Goodrich Co.

B. F. Goodrich Co,

B.F. Goodrich Co.

B. F, Goodrich Co.
CCL Synthesized

R. T. Vanderbilt Co,,
Inec,

R. T, Vanderbilt Co.,
Inc,

Wright Air Development
Center

Ay




CCL No.

170
98

316
336
337
338

339

346
347
357
366
368

380

381

382

392

Fluids
Fluid Medium
Bis~(2~ethylhexyl) sebacate

DC Silicone 550

G.E. Silicone No. 811.-06
(MLO 53-446)

Trig- (o-chlorophenyl ) phosphate
(MLO 9522)

DG Silicone, XF258
(MLO 9840)

Phenyl-o-chlorophenyl phosphate (1:2)
(MLO 9579)

Tris-(chlorophenyl) phomha.te (1:1 ortho

(MLO 9582) .

Pentaerythritol Ester, Hercules J-19
(MO 55-584)

meta)

Tris-(g~chlorophenyl) phosphate
(MLO 9533)

Diphenyl—o—chlorophenyl phosphate
(MLO 9574)

Tetrakis-p-dodecyl silane
(MLO 54~408D )

 Bis- (l-methyl cyclohexylmethyl) sebacate

(MLO 55-796—1; First Batch
(MLO 55-796-2) Second Batch

- Silane

(MLO 56-280)
Fluid F-60 (First Batch)
n-Octadecyl-tri-n-octyl silane
(MLO 56-578)

Di-p-dodecyl-di-n-octyl silane
(MLO 56-611)

Versilube F-50 Silicone

WADC TR 53-293 Pt VII1 ’ 67

Index

(VII) 59-61 °

(VIII) 47-59
(VII) 43-44

(VII) 45-47
(V111)35-36

(VII) 62
(VII) 26-42
(VIII) 42
(vi1) 63 )

- (VI1) 62.

(VII) 51-54
(VIII)43-46

(VII) 64~65

(VII) 63-64

(VII) 48-50

(VII) 55
(VII) 55-57

(VII) 50

(VIII)41-42 .

(VI1I) 22-24
(VIII) 39-40
(VIII_) 38

(VIII) 28-32

Source

Rohm and Haas Co.
Plexol 201

Dow cdrning Corp. ,

~ General Electric Co.

- Southwest Ressarch

Institute

‘Wright Air Development

Center

Wright Air Development
‘ Center

Wright Air Development
Center

Wright Air Development
Center

Wright Air Development
Center

Wright Air Development
Center

Metal and Thermit Co.

Wright Air Development
Center

Wright Air Development
Center

Wright Alr Development
- Center '

Wright Air Developmont
Center

Wright Air Development
Center

Wright Air Development

Center




CCL Mo, Fluid Medium
393 Fluid F-60 (Second Batch)
400 Mineral 011, MLO 57-30

402 Didodecyl dioctyl silane

WADC TR 53-293 Pt VIII

Index
(VIII) 25-27
(VIII) 16~-21

(vi11) 37

Source
Dow Corning Corp.

Wright Air Deveiopment
. Center

Wright Air Development
Center



